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ABSTRACT 
The transformation of municipal solid waste into compost is of double interest : 
on the one hand, i t  helps to avoid the deficiencies of natural manure, and on the 
other it eliminates this major polluting agent which is increasing progressively 
a a consequence of rising populations. 
Domestic waste produced per person per annum amounts to 730 kg in Abu 
Dhabi city. B ased on a population in 1 992 of 574,745, this gives a current daily 
refuse collection that amounts to 1 1 20 tons. Refuse is  reported to contain a high 
proportion of organic materials and therefore to be suitable for recycling to 
produce agricultural compost. 
Abu Dhabi Compost Plant which commenced production in 1 977 has four l ines 
of production with dai ly input capacity of 480 tons of refuse and output capacity 
of 200 tons of organic compost. The technology of composting applied in the 
plant is the accelerated fermentation carried out in digester drums. 
Air pollution represents one of the major drawbacks of composting process .  Air 
pollutants associated with such source include mainly sulfur dioxide, ammonia 
and methane. Their impacts on health depend on many factors, the most 
important of which is  their intensity as well as the receptor's susceptibility. 
To our knowledge, no study has been carried out so far on the environmental 
problems facing the plant. Therefore, the present investigation was directed 
toward moni toring the atmospheric pollution levels due to compost 
manufacturing and to evaluating the associated health effects . 
The most important finding reached through the air quality monitOling is the 
y 
re pon ibi l i ty of the Abu Dhabi Compost Plant as a source of sulphur dioxide 
and methane in ide and outside it .  Therefore, strong actions should be taken by 
the Authori ty responsible for this plant to manage the indoor and hence the 
outdoor air quality. 
The clin ical examination study reveals that 1 6% of the total number of plant 
staff employees are suffering from allergy diseases in their eyes, skin  and 
respiratory system due to the nature of their work in the plant. 
The respiratory function test study shows that ( 1 )  40 employees representing 
45% of the total number of employees (89), have an abnormal respiratory 
function, concerning the respiratory system.,  (2) 37 persons representing 49% of 
the total number of the workers (75) ,  have an abnormal respiratory function in 
the respiratory system. The comparable percentage for the tested administrators 
group is 2 1 % and (3)  The smoking habit is not responsible for the abnormal 
respiratory function found in both workers and admin istrators. 
The present study may draw attention to the domestic waste recycling through 
composting and also may help in characterizing the atmospheric pol lutants 
which constitute the mam potential adverse effects when released into both 
indoor and outdoor environments as a result of such strategy of waste 
management. 
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1 .  The Environment 
To under tand the environment, we must first realize that i t  is never static. 
Physical forces continuously change the surface of the earth through weathering, 
ma s wasting and the action of water, wind and glaciers as well as natural 
phenomena such as earthquakes and volcanic eruptions. At the same time, they 
introduce gases, vapour and dust into the atmosphere. These can be returned to 
the land or the sea over a great distance from their source. Chemical reactions at 
high alti tudes in the atmosphere continuously produce ozone, which protects us 
from harmful  ultraviolet radiation from the sun. Living organisms also play a 
dynamic role through respiration, excretion and ultimately death and decay, 
recycling their constituent elements through the environment. (1) 
2. The Pollution 
The European Commi ssion has defined "pol lution of aquatic system" as : "The 
discharge by man of substances or energy into the aquatic environment, the 
results of which are, such as, to cause hazards to human health, harm to living 
resources and to the aquatic ecosystem, damage to amenities or interference with 
other legitimate use of water". (2) 
The fol lowing definition is  from the Organization of Economic Cooperation and 
Development :  "Pollution means the introduction by man, directly or indirectly, 
of substances or energy into the environment resulting in deterious effects of 
such a nature as to endanger human health, harm l iving resources or interfere 
with ameni ties or other legitimate use of the environement." .  (1) 
The material that causes the pollution is called pol lutant. Many pollution 
problems have become more pressing over the last twenty years both because of 
increasing population and increasing per capita use of materials and energy. 
None of any technique is appl icable to all pollution problems. Instead, to rid the 
environment of pollution, i t  is necessary in each case to : 
1. Identify the material or materials that cause the pollution ,  
2. Identi fy the sources of those polluting materials, 
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3 .  Develop and implement strategies for controll ing the pol lution from those 
sources. (3)  
All  pollution events have certain characteristics in common : a l l  involve (i)  the 
pollutan t, ( i i )  the source of the pol lutant ( i i i )  the transport media (air, water or 
soil) and (iv) the target (the organisms, ecosystems or i tems of property affected 
by the pollutant) . (4) 
Sources of pollutan ts can either be desecrate point or diffuse sources i .e .  
(non-point  sources) .  Even at point sources, fugitive emissions may occur as a 
result of leakages in an apparen tly closed system, in addition to overt emission 
from chimn eys or effluent  discharge pipes. (4) 
3. The Atmosphere 
The atmosphere consists main ly of two principal elements : nitrogen comprises 
nearly 78 percent of the total air composi tion ,  oxygen, about 21 percent (Table 
I). Everything else in the atmosphere together makes up much less than 1 
percent .  (5) 
The moisture con tent of the atmosphere, either as water vapor, l iquid drops or 
ice crystals changes significantly with place and time and is responsible for 
many of the exciting beautifu l  and destructive things which the atmosphere 
does. Oxygen i s  added to the atmosphere during photosynthesis by plants ;  it i s  
removed by oxygen breathing organisms, by solution in  the oceans ,  by reaction 
with rocks during weathering, and by combustion. I ts residence time in the 
atmosphere i s  estimated at 7 mil l ion years. (6) 










carbon dioxide, CO2 
methane, CH4 
hydrogen, H2 
n itrous oxide, N20 
ozone (nearest Earth) 
Very Variable Content 
carbon monoxide, CO 
nitrogen dioxide, N02 
ammoni a, NH 3 
sulfur dioxide, S02 
hydrogen sulfide, H2S 
hydrocarbons HC 
3 
Concentration Thrn-over time 
78.08 vol% 1 06 years 
20.95 vol% 5000 years 
0.93 vol% 
1 8 .2 ppm 
5 .2  ppm 
1 . 1  ppm 
300 ppm 5 years 
0.7 ppm 5 years 
0.5 ppm 7 years 
285 ppb very stable 
30 ppb 25 years 
0. 1 ppm 6 months 
1 ppb 1 0  days 
1 ppb 5 days 
0.3 ppb 2 days 
0.2 ppb 2 days 
25 J.1gm-3 2 days 
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Carbon dioxide (C02) has an even more complex cycle. It i s  added to the 
atmo phere by volcanic eruptions and as a product of respiration, and 
combustion, then it is  removed during photosynthesis and by solution in the 
oceans. It is further removed from the oceans by precipitation in carbonate 
ediments. The concentration of carbon dioxide i n  the atmosphere is about 300 
ppm, far less than that of oxygen, and carbon dioxide has a correspondingly 
much shorter resi dence time, estimated as l i ttle as four years .(6) 
The chemically inert gases, including argon and trace amount of helium and 
neon, have v irtually infini te residence t imes ; they do not react chemically with 
other substances. (5) 
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4. Air Pollution 
4. 1 Air Pol lution Definition 
The ai r pollution is defined as the presence of substances or energy in the 
atmo phere in such quantities and of such duration l iable to cause harm to 
human plant, or animal l ife, or damage to human-made materials and structures, 
or changes in the weather and cl imate, or interference with comfortable 
enjoyment of l i fe or property or other human activities. (8) 
Some orgamsms are able to deal with certain levels of pollutants without 
suffering ill effects . The pol lutant level below which no i l l  effects are observed 
is cal led the "Threshold Level". Above the threshold level , we begin to see the 
effects of pollutants. However, the effects caused by a pollutant depends on both 
its concentration and the length of exposure time. (3) 
4.2 The Historical Perspective 
Air pollution has been only a global problem for a century and a half, i .e. since 
the beginning of the industrial revolution. It has, however, been a local problem 
in  Europe for Mil lennia, as indicated for example, by the ancient Roman poets 
Horace and Seneca. A passage in Homer's Odyssey (750 B .C.) about the effect 
of smoke on metal spears and swords indicates that the destructive quantities of 
"smoke" have been known even longer. (7) 
By the end of the Middle Ages, London was the paradigm of a polluted 
metropolis .  In 1 306, Edward the First proclaimed a law against the use of 
pulverized coal in smelting furnaces . 
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Elizabeth the First (1533  - 1 603) proclaimed a law against the burning of coal in 
London whenever the parl iament was in session. But even though, air pollution 
ha been known and described for centuries. Nevertheless actual scientific 
re earch on i ts effects was not commenced until the late 1 9th century, coinciding 
with the industrial revolution and a wide range of new problems introduced with 
th enormous escalation of air pol lution . (7) 
4.3 Types of Air  Pollutants 
Air pollutants may exist i n  gases or particulate forms (fine, solid particles) .  
These are waste products which are produced mainly by domestic heating 
equipment, a wide range of industrial plants, and power p lants. (8) 
4 .3 . 1 Particulates 
The particulates inc lude soot, smoke and ash from fuel combustion, dust 
released during industrial process, and other sol ids resulting from accidental and 
deliberate burning of vegetations. Many particulates are also chemically toxic.  
Coal ash may contain both heavy metals and uranium stuck to the particles. (5) 
Particulate air pol lutants are very d iverse in character, inc luding both organic 
and inorganic substances with diameter ranging from < 0. 1 J-lm to 300 J-lm. (2) 
The major sources of particulates were from the open burning of refuse and 
industrial stacks.  (3)  
The term "suspended particulate matter" refers to the wide range of finely 
divided solids or l iquids, dispersed into the air from combustion processes 
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Table I I : Major Types of Sources of Environmental Pollutants and the Environmental 
Media they are Transported or Resided in . (4) 






feather dusts, NH3' H2S, noxious odours, soil �articles 
Leachates from sllage clamps and slurry lagoons, N03-, RPO -4, pesticide 
pillages, runoff, soil particles, RCs (fuel spillages) 
Fertilizers - e.g. As, Cd, Mn, U, V and Zn in some phosphatic fertilizers 
Manures - e.g. As and Cu in pig and poultry manures 
Pesticides - As, Cu, Mn, Pb, Zn, persistent organics (e.g. DDT, Lindane) 
Corrosion of metals - e.g. galvanized metal objects (fencing, troughts, etc) 
Fuel spillages - RCs 
Burial of dead livestock - pathogenic microorganisms 
2. Electricity Generation 
Air 
Water 
COx, NOx, SOx, UOx and PARs from coal, radioisotopes from nuclear fission 
Heat, biocides from cooling water, soluble B and As compounds and PAHs 
from ash 
Soil Ash, fallout-Si, SOx, NOx, heavy metals, coal dust 




V OCs, H2S, NH3 
PAHs, Phenols Cu, Cd, As. CN, sulphates 
Tars (containing HCs, phenols, benzene, xylene, naphthalene and PAHs), CN, 
spent Fe oxides, Cd, As, Pb, Cu, sulphates, sulphides 




SOx, Pb, Cd, As, Hg, Ni, TI, etc. particulates/aerosols 
504' CN frothing agents, metal lions, tailings (ore minerals e.g. PbS, ZnS, 
CuFeS2, etc.) 
Spoil and tailings heaps - wind erosion, weathering ore particles 
Fluvially dispersed tailings - deposited on soil during flooding, river dredging, 
etc. 
Transported are seperates - blown from conveyance, etc. onto soil. 
Something - wind blown dust, aerosols from smelter (range of metals) 
5. Metallurgical Industries 




Metal lions, acid wastes and solvents (VOC3) from metal cleaning 
Metals in wastes, solvents, acid residues, fallout or aerosols, etc. from casting 
and other pyrometallurgical process 




VOCs, Hg, numerous volatile compounds 
Waste disposal, wide range of chemicals In effluents, solvents from 
microelectronics 
Particulate fallout from chernneys 
Sites of effluent and storage lagoons, loading, packaging areas 
Scrap and damaged electrical components - PAHs, metals, etc 
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7. General Urbanllndustrial Sources 
Air VOCs, particulates, aerosols (e.g. Pb, V, Cu, Zn Cd, PAHs, PCBs, dioxins, smoke). 
Fossil fuel combustion - COx, SOx, NOx, As, Pb, U, V, Zn, PAHs 
Bonfire - PAHs, PCDDs, PCDFs, Pb, Cd, etc. 
Cement manufacture - particulates, Ca, S04, Si, etc. 
Water Wide range of effluents, PAHs from soots, Pb, Zn, etc., waste oild - HCs, 
PARs, detergents 
Soil Pb, Zn, V, Cu, Cd, PCBs, PARs, dioxins, HCs, dumped cars, etc. - RCs, 
asbestos, PAHs 








Incineration - fumes, aerosols and particulates (Cd, Hg, Pb, COx, NOx, NOx, 
PCDDs, PCDFs, PAHs) 
Landfills - C�, V OCs 
Livestock farming wastes: CH4, NH3 H2S 
Scrapyards - combustion of plastics (PAHs, PCDFs) 
Landfillieachates, N03-, NH4+' Cd, PCBs, microorganisms 
Effluents from water treatment - organic matter, HP042-, N03, NH
4
+ 
Sewage sludge - NH4 +, PARs, PCBs, metals (Cd, Cr, Cu, Hg, Mn, Mo, Ni, Pb, V, Zn, etc.) 
Scrapheaps - Cd, Cr, Cu, Ni, Pb, Zn, Mn, V, W, PAHs, PCBs 
Bonfires, coal ash, etc. - Cu, Pb, PARs, B, As 
Fallout from waste incinerators - Cd, PCDFs, PCBs, PARs 
Fly tipping of industrial wastes (wide range of substances) 
Landfill leachate - N03- NH4+, Cd, PCBs, microorganisms 
Exhaust gases, aerosols and particulates (e.g. COx, NOx, smoke, PAHs, PAN, 
03, PbBrCI, V, Mo 
Spillages of fuels, spillages of transported loads (e.g. hydrocarbons, pesticides, 
manufactured organic chemicals, wastes in transit - especially marine pollution 
from oil tanker operations and accidents), road and airport de-icers (e.g. 
ethylene glycol, various salts), deposition of fuel combustion products, smoke, 
PARs, SOx, NOx, PbBrCI 
Particulates (PbBrCI, PAHs) acid deposits de-icers, wide range of 
soluble/insoluble compounds at docks and marshalling yards and sidings, 
deposition of fuel combustion products, smoke, PARs, SOx, NOx, rubber tyre 
particles (containing Zn and Cd) 




Leakage from underground storage tanks e.g. solvents, petrol products 
Preserved wood (e.g. PCP, creosote, etc.), discarded batteries (Hg, Cd, Ni, Zn) 
fishing and shooting (Pb), galvanized roofs and fences Zn, Cd 
Warfare (e.g. fuels, explosives, ammunition, bullets, electrical components, 
posion gases, combustion products - PARs), corrosion of metal objects - Cu, 
Zn, Cd, Pb 
Industrial accidents e.g. Bhopal, Seveso, Chemobyl nuclear reactor (wide range 
of pollutants) 
1 1. Long Range Atmospheric Transport (deposition of transported pollutants) 
Water and As, Pb, Cd, Rg, UOx, Zn, S04
2-, NOx, pesticides, PAHs 
Soil Wind-blown soil particles with adsorbed pesticides and pollutants 
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(heating and power generations) , industrial activities, and natural sources. 
Su pended particulates range in size from O. lJ.lm up to about 25 J.lm in diameter. 
The constituents of suspended particulate matter vary over time and space, 
although typical constituents in urban areas include carbon or higher 
hydrocarbons formed by incomplete combustion of hydrocarbon fuels. (8) 
Particular pollutants are classified as fol lows : (9) 
1 .  Dust - solid particles that are (a) entrained by process gases directly from 
the material being handled or processed for example, coal, ash and cement; 
(b) direct offspring of a parent material undergoing a mechanical operation, 
for example sawdust from woodworking; (c) entrained materials used in a 
mechanical operation , for example sand from sandblasting.  
2 .  Fume - solid particle, is frequently a metal oxides formed by the 
condensation of vapors by sublimation, distil lation and calcination, or 
chemical reaction process. The particles in fumes are quite small with 
diameters from 0.03 J.lm to 0.3 J.lm. 
3 .  Mist - l iquid particle, i s  formed by the condensation o f  a vapor and perhaps 
by chemical reactions .  Mists typically range from 0.5 J.lm to 3 .0J.lm in 
diameter. 
4 .  S moke - solid particles, i s  fonned as a result of incomplete combustion of 
carbonaceous materials .  Although hydrocarbons, organic acids, sulfur 
oxides, and nitrogen oxides are also produced in  combustion processes, 
only the solid partic les resulting from the incomplete combustion of 
carbonaceous materials are smoke. Smoke particles have diameter from 
0.05J.lm to approximately I J.lm. 
5 .  Spray- liquid particle, formed by the atomization of a parent liquid. 
Figure 1 gives the characteristics of particles and particle dispersoids. 
4.3.2 Gases 
1 .  Sulphur Gases 
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These are produced through human activities as sulphur dioxide, S02. 
Approximately, 1 1 0 mill ion tons are emitted worldwide each year. About 
two-thirds of this amount is released from coal combustion in factories, power 
generating plants, and in some places, e .g.  home heating units. Most of rest is 
released during the refining and burning of petroleum . .  (5) 
Sulphur dioxide is  a colourless gas that emitted from similar sources as 
suspended particulates. I t  can react catalytical ly or photochemically with other 
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Figure 1 :  Characteristics of Particles and Partic le dispersoids. (9) 
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2. Ni trogen Gases 
Oxides of ni trogen (NOx) are produced by natural processes, including bacterial 
action in the soil ,  l ightning and volcanic eruptions, and by human activities 
during combustion processes at temperatures higher than about 1 00°C. Nitric 
oxide (NO) and nitrogen dioxide (N02) are the most important oxides of 
ni trogen for pollution studies, because other oxides of ni trogen such as nitrous 
oxide (N20) , dinitrogen trioxide (N203) , dinitrogen tetroxide (N204), 
dini trogen pentoxide (N20S) and nitric acid (HN03) vapour, which may exist 
in ambient air, are not known to have any biological significance. The principal 
emi ssions of oxides of nitrogen are from human sources (heating, power 
generation) and in motor vehicles (internal combustion engine) . (8) 
3 .  Carbon Gases 
These pollutants are very much associated with petrol engined vehicles. Car 
exhaust gases contain several percents of carbon monoxide, under normal 
running conditions and greater concentrations when cold and choked. (8) 
Carbon monoxide is  a colourless, odourless gas which is produced by the 
incomplete combustion of carbon -containing fuels and by some biological and 
industrial processes . Locally, high concentrations of carbon monoxide may 
occur near industrial plants, such as power stations, petroleum refineries, iron 
foundries and steel mil ls ,  as well as in the vicinity of refuse burning whether in  
incinerators or  openly. (8) 
4 .  Hydrocarbons 
Major sources of hydrocarbons in air are the evaporation of solvents and fuels, 
and the partial combustion of fuels. Obviously, such process gives rise to an 
enormous range of individual compounds. (2) 
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5. Secondary Pollutants 
Some of the primary pollutants may undergo further reactions in the atmosphere 
and produce additional undesirable compounds. (3) 
Photochemical oxidants are secondary pol lutants formed by the action of 
sunl ight on an atmosphere containing reactive hydrocarbons and oxides of 
nitrogen. The complex series of photochemical reactions produce various 
oxidants with the most important being ozone (03) and peroxyacetyl n itrate 
(PAN) . 
Ozone can be formed natural ly in  the atmosphere. Background mean monthly 
concentration varies from 0.005 to 0.04 ppm by volume ( 1 0-80 �gm-3) 
depending upon latitude and month of the year. PAN is  a product of atmospheric 
photochemical reactions and is a characteristic of photochemical smog. (8) 
6 .  Toxic Metals 
Many metals are found in the air - e.g. beryll ium, cadmium, chromium, lead, 
manganese, mercury, n ickel  and vanadium representing public health hazards. 
With the exception of lead, these toxic metals only general ly give rise to concern 
for the public living near to specific toxic metal sources (industrial plants, waste 
dumps) and for the labour force of certain metal refining or production 
industries. (8) 
4.4 Sources of Air Pollution 
4.4. 1 Natural Sources 
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Natural pollutant emissions vary from one location to another, with seasonal, 
geological, and meteorological conditions, and with the type of vegetation. 
Volcanic eruption presents a concentrated , local ized natural source of all types 
of ga e and particles. Dust and sand storm particles retained during windy 
periods can be transported to great distances and result in very high particle 
concentrations for short-time periods at remote location . C I O) 
In  the absence of air, biological decay results in  emissions of hydrogen sulfide, 
H2S and organic compounds such as dimethyl sulfide. B iological processes in 
soil lead to the release of all of the common nitrogen oxides, NO, N02, and 
N20. The largest natural sources of methane are anaerobic fermentation of 
organic material .  (2) 
4.4.2 Man-Induced Sources 
Man-Induced sources are the inevitable consequence of modem SCIence and 
technology which aims at faci l i tating l ife for man . These sources, however, are 
generally classified into the fol lowing: 
a) Combustion of fossil fuels for domestic and industrial purposes . 
b) Emissions from transportation equipment in  land, sea and air. 
c) Pesticides entering the atmosphere from drift during application and by 
wind erosion and by volatalization. ( 1 1 ) 
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4.5 Air Pol lution Effects 
4.5 . 1 Effects on Humans 
Human breathe 14 kg of air into their lungs each day. Although some of the 
pollution symptoms involve the moist surface of the eyes, noses, and throats , the 
major si te of air pollutant, and its impact is the lung. Three categories of impact 
can be distinguished: 
1 .  Chronic health effects: pol lutants cause gradual deterioration of a variety of 
physiological functions over a period of years . 
2 .  Acute health effects : pollutants bring on l ife threatening reactions within a 
period of hours or days. 
3 .  Carcinogenic effects : pollutants initate changes I II cel ls that lead to 
uncontrol led growth and a division cancer. (3) 
An acute air pollution episode represents a drop and unusual exposure to high 
pollution concentrations and produces the most obvious effects on health . Long 
term or chronic exposure to moderate levels of suspended particulate matter and 
sulphur dioxide also appear to impair health but the severity of this impairment 
is not c lear yet. Aggravation and/or causation of chronic bronchitis, asthma and 
pulmonary emphysema have been considered to be due to fine suspended 
particulates and sulfur dioxide. (8) 
Eye i rritation by ozone occurs at about 0. 1 0  - 0. 1 5  ppm (200-300 Jlgm-3) with 
the intensity of eye i rritation increasing progressively as concentrations exceeds 
this value. However, other oxidants such as PAN, peroxybenzol nitrate (PBN) 
and acrolein are even stronger eye-irritating oxidants than ozone. (8) 
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Much of the attention paid to oxides of nitrogen in urban areas relates to their 
significant role in promoting photochemical pollution, nevertheless, oxides of 
nitrogen may cause adverse health effects on their own, as well as when other 
pol l utants are present. Annual mean concentrations of ni trogen dioxide, 
monitored as an indicator for the level of gaseous oxides of nitrogen,  in  urban 
areas throughout the world are typical ly in the range of 0.01 - 0.05 ppm (20-90 
J...lgm-3) with maximum 24 hour mean being typical ly between two and five 
times greater than annual mean and maximum hourly mean between five and ten 
times greater than annual means .  Nitrogen dioxide has a stinging, suffocating 
odour and an odour threshold of 0.011-0.02 ppm (200 - 410 J...lgm-3) . I n  some 
areas, such as near industrial plants producing nitric acid or explosives, or near 
power stations, very high nitrogen dioxide levels may occur. Exceptionally high 
nitrogen dioxide concentrations may also occur indoors from sources such as 
gas-fired heaters, boilers and cookers as well as from cigarette smoking. Carbon 
monoxide is  absorbed through the lung and reacts with haemoproteins, 
especially with haemoglobin of the blood. (8) 
One of the heavy metal pollutants, lead, deserves special attention. Lead 
poisoning has been recognized for several decades as a cause of mental 
retardation. c3) The concentration of lead in air may vary from 2 to 4 J...lgm-3 in 
large cities with dense motor traffic, to less than 0.2 J...lg m-3 in most suburb areas 
and sti l l  less in rural areas. People are exposed to varying levels of lead in  
the atmosphere according to  where they l ive and work and how they 
communicate. (8) 
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4 .5 .2 Effect on Vegetation 
Vegetation may be adversely affected by excessive quantities of airborne 
particles. Particulates cover leaves and plug stomata, therefore reducing the 
absorpt ion of carbon dioxide from the atmosphere and the intensity of sunlight 
reaching the interior of the leaf, and suppressing growth of some plants . Specific 
particles such as fluorides cause additional damage. Acute injury to plants from 
ulfur dioxide causes spotting of leaves . (8) 
Oxidants can cause both acute and chronic injury to plants, causing necrotic 
patterns on leaves, growth alterations, reduced yield and reductions in the 
quality of the plant products. 
Oxides of ni trogen ranks second to sulfur compounds in their contribution to 
acid rain which may affect terrestrial and aquatic ecosystems. (8) 
4.5 . 3  Effects on Materials 
Air pollutants may severly damage metals, bui lding materials (stone and 
concrete) , paint, textiles, plastics, rubber, leather, paper, clothing and ceramics. 
The two most corrosive and therefore harmful pollutants are however, sulphur 
dioxide and sulphuric acid. ( l 2) 
Partic les may cause corrosion either by their intrinsic corrosivensess or by the 
action of absorbed corrosive chemicals, especially in the open atmosphere. 
Soil ing of building in cities is one of the more obvious mainfestations of 
atmospheric pollution. Particles emitted from diesel are particularly effective in  
soiling as  they have a high optical absorption. Sulphur dioxide can produce 
substantial damage to materials. Limestone, sandstone, s late and mortar of 
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building can be severely damaged. The calcium carbonate in l imestone and other 
building materials is readily converted into soluble calcium sulphate. 
Ozone, a an oxidant is much stronger than oxygen, causes cracking of stretched 
rubber at hourly concentrations of only 0.0 1 -0.02 ppm (20-40 �gm-3) , although 
ozone inhibitors can be built into rubber products such as vehicle tyres and 
rubber insulation. (8)  
4.6 Air Quality Standards 
An air quality standard means the concentration of a pollutant that should not be 
exceeded in the atmosphere at the point of measurement. ( l 3) 
The air qual i ty standards developed are twofolds ; the primary standards are 
designed to protect human health and secondary standards are set to clear the 
visible pollution from the air and to prevent crop structural damage and other 
adverse effects. (5) 
Air quality standards are established for vanous sample averaglOg periods, 
because effects are dependent upon pollutant concentration and exposure 
time. ( I O) 
The air quality standards are closely analogous to the tolerance level ;  labeled 
"maximum allowable concentration" or "threshold l imit value" .  It i s  i mportant, 
however, to recognize the differences and similarities . The Maximum Allowable 
Concentration (MAC) is  t ime-weighted for 8 hr/day, 5 day/week exposure of 
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healthy adul ts, who are supposed to breathe uncontaminated aIr for the 
remainder of the time. These (MAC) values are applied for the industrial 
workers . The air qual i ty standards, refer to 24 hr, 7 days/week exposure of an 
entire population, including the very young, the very old, the sick and the infi rm 
and involves exposure of fauna and flora, and the structures and materials used 
by man . ( 1 4) 
Air quality standards in a community must be much smaller than those in the 
working environment. Exposures in the later environment are restricted to a part 
of the day and to persons of working age. Older, younger, infirm and sick 
persons are excluded from these exposures. In fact, most of the published 24 hr, 
mean quality standards for some contaminants, based on consideration of harm 
to humans, l ies between 1 1 1 0  and 1 1 1 00 of the MAC values for the same 
substances . For this reason, a value of 1 130 of the MAC value has been 
suggested by S tern ( 1 962) as a reasonable approximation for the 24 hr. mean 
atmospheric safe level concentration of substance for which no air quality 
standards has been set. ( l 4) 
4.7 The Pollution Cycle 
Pollutants are emitted from source and are removed from the atmosphere by 
sinks. Most pollutants have both natural and man-induced sources, although the 
natural sources are often of sizable magnitude in global terms. 
Sink process include both dry and wet mechanism. Dry deposi tion involves the 
transfer and removal of gases and particles at land and sea surface without the 
intervention of rain or snow.(2) 
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Su lphur and nitrogen oxide gases also form sulfate and ni trate particulates . 
These may settle out of the atmosphere like fine dust particles, these particulates 
can combine with water to form acids. Sulfur and nitrogen oxide gases may also 
be absorbed into the surface of plants or solid surfaces, where they too, combine 
with water to form acids( l 2) 
Wet deposition describes scavenging by precipitation (rain ,  snow, hai l ,  etc . ) . (2) 
Acid rain and snow are formed when the two pollutant gases , the sulfur and 
nitrogen oxides, combine with water. Sulfur oxide form sulfuric acid, n itrogen 
oxide reacts with water to form nitric acid. Both are powerful acids and may 
accumulate in clouds and fall from the sky in rain and snow.( 1 2) 
Atmospheric pollution starts with the production of pollutant, often as 
undesirable or incidental consequence of various industrial processes, this 
pollutant is fol lowed by transfer through the atmosphere. Its movement with the 
air wil l  depend upon a number of factors . Particles larger than approximately 1 
micron are significantly affected by gravity. ( 1 1 ) 
I n  addition to gravity, the movement of pollutants is affected by turbulent 
diffusion and the wind speed. At substantial wind speeds, pollutants are rapidly 
removed from the point of origin and turbulent diffusion usually di lutes them 
below the level of significant effect within a short distance. But  under some 
conditions, turbulence can bring the plume from a stack to the ground in  great 
lapse at a point quite close to the source and before extensive dilution has 
occUlTed, resulting in brief exposure to an extremely high concentrations. The 
cycle is completed by the contact of pollutants with people, l ivestock, 
vegetation, and other objects. This  contact may result in el iminating pollutants 
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from the atmosphere or i t  may be followed by the repetition of a simi lar cycle. 
In thi stage, the atmospheric pol lution may cause damage to health and 
property. ( 1 1 ) 
At each stage of an atmospheric pollution cycle, attempts can be made to reduce 
the dangers and inconveniences of atmospheric pollution, or to prevent i t  
from reaching such "a  magnitude that i t  becomes a great danger to the 
popu lation". ( 1 1 )  
4.8 Meteorology and Topography 
One would think that, with the earth 's atmosphere being about 1 00 miles deep, 
we should be able to dilute effectively all the garbage thrown into it. But 
actual ly, about 95 percent of the total air mass is within only 1 2  mi les of the 
surface. These layers are called the troposphere, where we have our weather and 
air pollution problems. (9) 
The science of meteorology has a great bearing on air pollution. An air pollution 
problem involves three parts : the source, the movement of the pollutant, and the 
recipient. (9) 
The qual i ty of the atmospheric environment, as already cited earlier, i s  highly 
influenced by a wide variety of activities of both nature and man. The dispersion 
of contaminants aris ing from these activities into the atmosphere, not only 
affects its quality, but is also highly affected by topography and the continuously 
changing weather elements : ( 1 5) 
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1. Levels of air pol lution at any given area largely depend upon local weather 
changes, principally upon the wind speed and direction and the vertical 
temperature gradient. 
2 .  Concentration of air contaminants vary inversely with the wind speed at 
and near their points of discharge. The higher the speed, the more rapidly 
are pollutants carried away from the source and diluted through their 
dispersion, vertically and horizontally, into greater volumes of air. On the 
other hand, pollutants are more concentrated near their source during 
periods of light winds and calms. 
3 .  Local topography has a great influence o n  local wind direction and speed. 
For instance, surface winds blowing at an angle across a mountain chain are 
channeled in the direction of the windward adjacent valley, while winds 
relatively aloft are partly channeled and partly pass over the ridge. Such 
effects would create at the leeward side of the mountain ,  either a wake of 
calm or very light winds, or a turbulent zone, depending on the speed of the 
originally prevail ing wind. Winds funneled by this process may also be 
markedly increased in speed. Effects of topography, therefore, greatly 
influence both the rate of dispersion of air pollutants and also the direction 
of air pollutants and also the direction in which they occur. 
4.  Air temperature as such has l i ttle or no effect on pollution levels. However, 
the vertical change in i ts value has a profound effect as i t  determines the 
degree of atmospheric stabil ity. Temperature in the troposphere normally 
decreases with increasing height from the earth 's  surface, at a rate called 
the "lapse rate". The critical value of this rate, which differentiates between 
stable and unstable atmospheres is the " dry adiabatic lapse rate" having a 
value of 1 °C/ l OO m.  Under such condition, the atmosphere is said to be 
23 
"neutral", i .e . ,  in a state where the density of atmospheric layers is 
independent of height. When the lapse rate exceeds the dry adiabatic value, 
the atmosphere is unstable and pollutants are carried aloft and dispersed in 
a relatively deep and extensive layer of air, so that concentrations of 
pollutants near the earth 's surface are unlikely. On the other hand, when the 
lap e rate is less than l OC/ l OO m or when there is an inversion (an increase 
of temperature with height) , the atmosphere is stable and the vertical 
motion of air is restricted or hindered. 
Pollutants discharged into the atmosphere under such conditions are then 
trapped in a shallow layer near the ground, whereby high concentrations 
may result .  
S tabi l i ty is  the principle and most important factor in  occurrences of 
unusually high or episode levels of air pollution. Three major forces, 
namely: wind, heating and cooling, cause shifts from stable to unstable 
condition and back again .  Wind, in addition to horizontal motions, usually 
has vertical eddies : thermal and/or mechanical . These eddies help vertical 
mixing and dispersion of contaminants discharged into the air. Thermal 
eddies are principally developed through the solar heating of the ground 
and are less developed by heat is lands formed over urban and industrial 
centres . Mechanical eddies, on the other hand, are dependent on the ground 
surface roughness, topographical features impact and the aerodynamic 
influences of buildings. 
5 . Moisture factors do also have appreciable effect on pollution levels 
although not as direct as that of wind and stability. Its direct effect comes 
through rainfall which has a pretty good washing effect upon gaseous and 
24 
particu late airborne contaminants in the atmosphere below the rain-making 
layer. Fairly clear, air is found during, and for some time after, 
precipitation. By wetting the ground, rainfall also greatly reduces the 
amount of wind generated dust. The presence of fog also l imits solar 
heating of the ground and, therefore, affects the degree of vertical diffusion 
in the surface layer air. 
6 .  Mountain-valley, urban-rural and land-sea breezes of weak winds when 
accompanied with periods of callns and light winds in surrounding areas, 
can cause a parcel of air to pass over a locali ty twice or more times during 
the day. If contaminants are continuously discharged into the air, high 
levels of pollution wil l  built up. 
4.9 Air Pollution Control 
4.9 . 1 History of Air Pol lution Control 
In the 1 930s and 1 940s, a factory smoke stack issuing a thick plume of smoke 
was considered a sign of prosperity, and some government agencies included i t  
in  their official symbols .  Before 1 945 , i ndustrial air pollution control efforts 
were directed at control l ing large factory emissions of pollutants that had led to 
conflict with neighbors of the factories.(6) 
Between 1 945 and 1 969 as awareness of air pollution problems gradually 
increased, some worthwhile local efforts to control air pollution were initiated. 
Between 1 963 and 1 967 the United States federal government began to oversee 
and coordinate local state air pollution control efforts .  
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In  1 969 and 1 970 the United States of America experienced a great 
environmental awakening . This period saw the passage of the National 
Environmental Pol icy Act and the Clean Air Act of 1 970. In the late 1980s, a 
new theme entered the air pollution arena : global air pollution. Until 1 980, most 
air pollution problems were considered as local problems. 
In the 1 980s, three problems emerged involving longer lived pollutants and 
pollutants that are transported for long distances before they do their damage. 
These problems are: acid rain ,  destruction of the ozone layer by 
chlorofluorocarbons, and the buildup of carbon dioxide in the atmosphere. (6) 
4 .9 .2 Technologies of Air Pollution Control 
Control of air pollution is not always easy, for i t  is impractical to eliminate all 
emissions of a specific pollutant. On the other hand, i t  i s  reasonable to expect 
control of emi ssions to the lowest possible level consistent with available 
technology and within reasonable cost. The objective of air pollution control is  
to maintain an atmosphere in  which pollutants have no negative impact on 
human activities. Obviously, the best way to control air pollution is not to 
produce the pollutants. ( 1 0) 
Air pol lutant emissions can be reduced either by trapping the pollutants at the 
source or by converting dangerous compounds to less harmful  ones prior to 
effluent release. In this field, a variety of technologies for cleaning air exist. (5) 
4 .9 .2 . 1 Stationary Sources 
Filters separate particulate matter from the stack gases . Smoke passes through a 
series of cloth bags, the bags fil ter out particulates . Fi lters often remove well 
over 99% of the particulates, but they do not remove gases. ( 1 2) 
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Cyclone are also used to remove particulates, but general ly in smal ler 
operations. In the cyclone, particulate laden air is passed through a metal 
cylinder. The particulates strike the walls and fall to the bottom of the cyclone, 
where they can be removed. Cyclone removes 50% to 90% of the large 
particu lates, but few of the small and medium sized ones. Cyclones have no 
effect on gas pollutants. 
Electro tatk precipitators used to remove particulates, are about 99% efficient. 
In  electrostatic precipitators, particulates first pass through an electric field 
which charges the particles .  The charged particles then attache to the wall of the 
device, which is oppositely charged. The current is periodical ly turned off, 
allowing the particulates to fal l  to the bottom. 
Scrubbers, are used to remove both particulates and gases such as sulphur 
dioxides. ( 1 2) In these scrubbers, the gases passed through a stream of clean 
water, which removes particulates and also dissolves out some gases . (5) 
Removing air pollution from stack gases helps in cleaning up the air but i t  
creates a problem that many people fai l  to  consider: hazardous wastes. 
Particulates from pollution control devices, contain harmful trace elements and 
other inorganic substances . Scrubber produce a toxic s ludge rich in sulphur 
compounds and mineral matter. ( 1 2) 
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4.9 .2 .2 Mobile Sources 
Reducing pol lution form mobile source can also be achieved by changes in 
engine design that reduce emission . ( 1 2) As a part of the efforts to reduce air 
pollution, the Environmental Protection Agency (EPA) has imposed l imits on 
permissible levels of carbon monoxide and hydrocarbon emissions from 
automobiles. Many car manufacturers use catalytic converters to meet the 
standard . (5) 
The catalytic converter must perform two pol lution control functions;  oxidation 
of CO and hydrocarbons to C02 and water and reduction of NO to N2. 
Reduction of NO is  accomplished by burning a fuel-rich mixture and thus 
depleting the oxygen to the catalyst. I ntroducing air and oxidizing the CO and 
HC at reduced temperatures suppresses the production of NO. (9) 
5. Solid Waste 
Waste includes any substance which constitutes a scrap material or an effluent or 
an unwanted surplus substance arising from the application of any process, and 
any substance or article which requires to be disposed of as being broken, worn 
out, contaminated or otherwise spoiled, but does not include a substance which 
is  an explosive. ( 1 6) 
5 . 1  Sources of Solid Wastes . 
Sources of solid wastes are in general related to land use and zoning. The 
following categories have been found useful :  residential, commercial, 
municipal, industrial, open areas, treatment plants and agricultural . ( 1 6) 








Typical Soild Waste Generating Facilities, Activities, and Locations 
Associated with Various Source Classifications. ( 1 6) 
Typical facilities, activities, or 
locations where wastes are generated Types of solid wastes 
Single-family and multifamily dwellings Food wastes, rubbish, ashes, 
low-, medium-, and high-rise 
apartments, etc. 
Stores, restaurants, markets, office 
buildings, hotels, motels, print shops, 
auto repair shops, medical 
facilities and institutions, etc. 
As above * 
Construction, fabrication, light and 
heavy manufacturing, refineries, 
chemical plants, lumbering, mining, 
power plants, demolition, etc. 
Streets, alleys, parks, vacant places, 
playgrounds, beaches, highways, 
recreational areas, etc. 
special wastes . 
Food wastes, rubbish, ashes, 
demolition and construction 
wastes, special wastes, 
occasionally hazardous 
wastes. 
As above * 
Food wastes, rubbish, ashes, 
demolition and construction 
wastes, special wastes, 
hazardous wastes. 
Special wastes, rubbish. 
Treatment plant sites Water, waste water, and industrial 
treatment processes, etc. 
Treatment plant wastes, 
principally composed of 
residual sludges. 
Agricultural Field and row crops, orchards, 
vineyards, dairies, farms, etc. 
Spoiled food wastes, 
agricultural wastes, rubbish, 
hazardous wates 
* The term municipal normally is assumed to include both the residential and commercial 
solid wastes generated in the community. 
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S.2 Types of Solid Wastes 
Solid wastes can be classified into the following : 
1 .  Food wastes, are the animal, frui t, or vegetable residues resulting from the 
handling, preparation, cooking, and eating of foods (called garbage) . ( 1 6) 
2 .  Rubbish, consists of combustible materials such as paper, cardboard, 
plastics, textiles, rubber, leather, wood, furniture and garden trimmings, 
and non-combustible materials such as glass, crockery, tin cans, aluminum 
cans, ferrous and other nonferrous metals solid wastes of households, 
institutions, commercial activities, etc . ,  excluding food wastes or other 
highly combustible materials. c 1 6) 
3 .  Ashes and residues, materials remaining from the burning o f  wood, coal, 
coke, and other combustible wastes in homes, stores, institutions, and 
industrial and municipal faci lities for purposes of heating and cooking. ( 1 6) 
4 .  Demoli tion and construction wastes, wastes from razed buildings and other 
structures .  These are classified as demol ition wastes ; waste from the 
construction, remodeling and repairing of individual residences and 
commercial buildings, ( 1 6) 
5 .  Special wastes, wastes such as street sweepings, roadside l itter, l itter from 
municipal l i tter containers, catch-basin debris, dead animals, and 
abandoned vehicles. ( 1 6) 
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6. Treatment plant wastes, the solid and semisolid wastes from waste water 
and indu trial waste treatment facil ities. 
, 
7 .  Agricu ltural wastes, wastes and residues resulting from diverse agricultural 
activi ties, such as the planting and harvesting of raw, field, and tree 
laughter. 
8 .  Hazardous wastes, chemicals, biological, flammable, explosive, or 
radioactive wastes that pose a substantial danger, i lnmediately or over t ime 
to human, plant, or animal l i fe. ( 1 6) 
5.3 Municipal Solid Wastes 
Solid wastes other than hazardous materials and radioactive wastes are often 
cal led Municipal Solid Waste (MSW) and consist of all the solid and semisolid 
materials discarded by a community. (9) 
Municipal solid waste is a material difficult to characterize and generally 
uneconomical to uti lize. ( 1 0) However, MSW is  defined as the total materials 
thrown away from homes and commercial establishments (commonly called 
trash,  refuse, or garbage) . (3) 
Refuse, unti l fairly recently, was mostly food waste, but new materials such as 
plastics, and new products such as garbage grinders have all changed the 
composi tion of municipal solid waste. I ndustry adds about 2000 new products 
each year, all of which enventual ly find their way into municipal refuse and 
contribute to individual disposal problems. The components of refuse are 
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garbag , food wastes and other organics, Iubbish, glass, tin cans, and paper, and 
ashe . Trash refers to such larger i tems as tree l imbs, old appliances , and so 
forth, which are not normally deposited into garbage cans. (9) 
Controlled waste comprises household industrial and commercial wastes : 
1 .  Household waste means waste from domestic property, that part of building 
used wholly for the purposes of l iving accommodation and caravan, 
residential home, education establishment, hospital and office. 
2. Industrial waste comes from any factory, transport services, etc . 
3 .  Commercial waste means waste from premises used for trade and business 
or for sport, recreation or entertainment, but excludes household and 
industrial waste and mine or quarry waste or agriculture. ( 1 7) 
The amount of municipal solid waste generated has grown steadily, i n  part 
because of increasing population but is more so because of changing l ifestyles, 
the increasing use of disposable materials and excess ive packing. (3) 
Today, food wastes are generated more by processing plants by than home or 
farm. While such wastes are a problem because of their large volume, high 
strength, seasonal nature, and rural location, the change has enabled better 
control through an i ndustry wide approach to waste disposal with the costs being 
born by the users of the products. The growth of the food processing industry 
does not seem to have changed the amount of food wastes from urban residents, 
but the increase in packaging associated with convenient foods is certainly part 
of the reason for the growing per capita waste production. ( 1 0) 
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The objective of sol id waste management are to control, col lect, process,utilize 
and dispose of solid waste in the most economical way consistent with the 
proteclion of public heal th. ( l O) 
The relationship between solid waste and human disease is intuitively obvious 
but difficult to prove. Solid waste disposal is a true health hazard for we know 
that at least 22 human diseases are associated with solid wastes . The two most 
important vectors of human disease in regard to solid waste are flies and rats. 
The fly is prolific breeder (70,000 flies can be produced from 1 cubic foot of 
garbage) and a carrier of many diseases . Rats not only destroy property and 
infect by direct bi te but are also dangerous as carriers of insects that can also act 
as vectors . (9) 
The generation of harmful organisms and their transmission is  not only health 
related concern . Many potentially harmful materials, such as solvent and 
pesticide containers, medical wastes, and asbestos debris, even through 
prohibited, may already be present in the waste when it is collected. Air 
pollution,  caused by the particulates and gas pollutants from landfi l l  sites and 
municipal incinerators is  an additional environmental problem related to solid 
waste disposal . ( 1 0) 
Ground waste and drinking water contamination by leachate from solid waste 
disposal has been growing over the past two decades. Leachate is formed when 
rain water collects in landfi l ls  and stays in contact with the material long enough 
to leach out and dissolve some of i ts chemical and biochemical constituents . (9) 
33  
Traditional ly, local governments have assumed the responsibility for col lecting 
and di posing of MSW. The local jurisdiction may own the trucks and employ 
worker , or it may contract with a private firm to provide the col lection 
ervice. (9) 
5.4 Solid Waste Disposal 
Wastes and their disposal are the cause of a great deal of environn1ental 
pollution . The pollutants involved come from a wide range of sources including 
highly toxic wastes from the chemical industry and household waste. (4) 
The disposal of solid wastes is defined as placement of the waste, so i t  no longer 
impacts society. Solid waste can also be processed so that some of its 
components can be recovered, a procedure popularly known as recycling,  
however the waste must be collected. Al l  of these; collection disposal and/or 
recovery form a part of the total solid waste management system. (9) 
Solid waste management has, for years, s imply meant finding ways to get rid of 
garbage to protect people from disease, odors ,  and unsightly dumps. Today, the 
goals have begun to shift .  In many cases, solid waste managers are looking for 
ways to : ( 1 ) reduce landfi l l  requirements, (2) save energy, (3) save resources, 
such as aluminum, (4) protect ground water, (5) reduce other forms of air 
pollution that contribute to acid deposition and global warming, and (6) protect 
wildl ife habi tat. ( 1 2) 
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The principal methods of solid waste disposal are : (1) Dumping, (2) Sanitary 
landfi l l ,  (3 ) Incineration and (4) Composting. 
5 .4. 1 .  Dumping 
The dump is by far the least expensive means of solid waste disposal and thus 
was the original method of choice for almost all inland communities . The 
operation of a dump is simple and involves nothing more than making sure that 
the trucks empty out at the proper spot. Volume is often reduced by setting the 
refuse on fire, which prolongs dump life. (9) 
Rodent, air pollution and insects at the dump, however, can become serious 
public health and aesthetic problems, and an alternative method of refuse 
disposal is necessary. (9) 
5 .4 .2 .  Sanitary landfi l l  
Sanitary landfi l l  i s  a natural or man-made depression into which solid wastes are 
dumped, compressed, and daily covered with a layer of dirt .  Because solid 
wastes are no longer burned as they were in many open dumps, air pollution is 
generally reduced. Because trash is covered each day with a layer of dirt, odors, 
flies, insects, rodent and optional health problems are eliminated or sharply 
reduced . ( 1 2) 
Landfi l ls  have some notable problems: ( 1 )  landfil ls require land, the trash from 
1 0,000 people in  a year wi l l  cover 1 acre, 1 0  feet deep, (2) landfil ls require a lot 
of energy for excavation, fil l ing, and hauling trash,  (3) they can pollute ground 
water. Toxic household wastes (paint tinner, pesticides, and other poisons) and 
faces (from disposable diapers) are discarded in municipal landfi l ls  where they 
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can leak into groundwater (4) they produce methane gas from the 
decomposition of orgamc materials and (5) they have low social 
acceptabi lity. ( 1 2) 
5 .4 .3 .  Incineration 
Incineration of municipal solid waste has some advantages over landfi l l ing. I ts 
pri mary appeal is reduction of volume, incinerators can reduce trash volume by 
80 to 90 percent, and thus greatly extend the l ife of a landfi l l . Also ll10St newer 
incinerators are designed to generate electricity which is sold to offset some of 
the co ts of disposal . (3) 
The disadvantages are that i t  is relatively expensive, there is a danger of highly 
toxic pollutants being synthesized and emitted into the atmosphere i f  conditions 
are not optimal and, finally, that there is  an ash produced which needs careful 
d isposal i n  sanitary landfil l .  (4) 
5 .4 .  4 .  Composting 
One way of treating some forms of refuse that is  rapidly growing in popularity is 
composting. Recall that composting involves the natural biological 
decomposition of organic matter in the presence of air. The end product is a 
residue of humus l ike material, which can be used as an organic ferti l izer. (3) 
Composting i nvolves shredding and separating the putrescible fraction of 
municipal waste, often mixing i t  with other organic materials and allowing 
microbiological decomposition reactions to take place. This involves regular 
turning of the compost in  order to promote aerobic decomposi tion processes and 
allowing the compost temperature to rise sufficiently to ldl l  off pathogenic 
organisms and weed seeds and other undersirable constituents . (4) 
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The re ul ting product compost is used to buildup soi l  ferti l i ty. Large-scale 
composting has a few drawbacks :  ( 1 )  i t  requires large tracts of land and may 
produce odor and provide breeding sites for pests, (2) sorting out the 
noncompostable materials such as metals and glass is costly, (3) the demand for 
the organic compost is often low, and (4) sites are aesthetically unappeal ing. ( 1 2) 
6. Occupational Health 
I t  is related to the effects of the working environment on the health of the worker 
as it is the influence of the worker 's state of health on his/her abi l i ty to perfornl 
the tasks for which he/she was employed. The main thrust of the discipline is to 
prevent i l l  health rather than to cure i t . ( 1 8) 
Occupational hygiene is  defined in the Handbook of the B ritish Occupational 
Hygiene Society as follows: Occupational hygiene is  the applied science 
concerned with identification, measurement, appraisal of risk and control to 
acceptable standards of physical, chemical and biological factors arising in or 
from the workplace which may affect the health or well-being of those at work 
or in the community. ( 1 8) 
Air pol lutants are either toxic, corrosive or inert. They can enter the human body 
through different ways : 
a) Inhalation with breathed air 
b) I mpaction or deposition on the body and the consequent possible absorption 
through the skin .  
c) Deposition on foods and drinks and hence ingestion and digestion by the 
human body. However, the most common route of absorption is by 
inhalation and the resulting defect is conditioned by the depth of penetration, 
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into the lung, of inhaled harmful dust, spores, bacteria, mineral particles, 
gase and vapours which depend on the particle size and the solubi lity of 
the gases . Damage to health occurs as pollutant molecu les interact 
unfavourably with 
body. ( l 9) 
6.1  Toxic Gases 
the intricate molecular and fluid of human 
Many organic compounds may be inhaled in vapour or gaseous form. The toxic 
gases are usually deemed to include compounds such as lnethane and sulphur 
dioxide. In general, these gases may be classified as simple asphyxiants 
(nitrogen oxides, carbon dioxide, methane) , chemical asphyxiants (carbon 
monoxide, hydrogen sulfide) , upper respiratory tract irritants (arnmonia, sulphur 
dioxide) , and lower respiratory tract i rritants (oxides of ni trogen, phosgene) . ( 1 8) 
6.2 Type of Hazards 
It may be convenient to divide the hazards to health into three categories, 
namely : are physical, chemical and biological . ( 1 7) 
6 .2 1 .  Physical Hazards 
These include the well documented hazards produced by, for example, l ight, 
heat, noise and vibration. 
6 .2 . 2 .  Chemical Hazards 
Include the whole range of substances and compounds found in orgamc and 
inorganic chemistry. 
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6.2 .3 Biological Hazards 
Those may be involved in the handling of bacteria, viruses, plants, animals, or 
animal products. Having established some of the nature and range of harmful 
ub tances that can affect the human body, it is now necessary to look at the 
way in which these substances can gain access to the body. 
a. Inhalation 
A wide range of substances are carried into the human body in breathing. While 
the nose, airways and lungs behave as a fairly efficient fi lter against many 
substances, there is a critical size range where penetration can occur along the 
complete length of the respiratory tract. ( 1 7) 
b .  I ngestion 
Again many substances are passed in the body via the digestive system. If the 
sub tance is  absorbed into the body, then i t  may be passed to the liver where i t  is 
rendered less toxic before being excreted. ( 1 7) 
c .  Entry Through S ki n  
The skin is  a very substantial defence against many substances. However, there 
are SOlne substances that are able to pass directly through the skin and into the 
underl ing tissue leaving the skin intact. ( 1 7) 
d .  I rradiation 
This term is  used to describe the exposure of the body to both ionizing and 
non-ionizing radiation. Exposure may result in  body surface penetration. ( l 7) 
39 
6.3 Types of Personal Protection 
6.3 . 1 Respiratory Protection 
Inhalation i an important route of entry into the body for gases, vapours, dust, 
etc. Apparatas to prevent this are of various kinds and the choice for a particular 
ca e wil l  be influenced by the nature of the substance concerned. (20) 
Re piratory protective equipment may be divided into two broad categories : 
respirator which purify the air by drawing it  through a fi l ter thereby removing 
the contamination (dust respirators and face masks) , and breathing apparatus, 
which suppl ies clean air from an uncontaminated source. ( 1 7) 
6 .3 .2  Eye and Face Protection 
Eye injuries are extremely common. The main hazards are solid particles, dust, 
chemical splashes, etc. Injuries often resul t  in  severe pain and discomfort and, in 
many cases, long-term impairment of vision. I t  i s  extremely important that 
hazards are ful ly examined before any form of eye protection is chosen. ( 1 7) Eye 
protection takes the form of spectacles, goggles or face shields. ( 1 8) 
6 .3 . 3  Skin and B ody Protection 
There is currently a wide range of protection clothing available for use in most 
industrial s i tuations. ( 1 7) 
Skin protection inc ludes guarding hands, feet and body against damage from 
dermatitis or corrosive agent, absorption into the body via the skin radiant heat, 
cold and physical damage by using rubber gloves , plastic gloves and industrial 
gloves. ( 1 8) 
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6 .3 .4 Hearing Protection 
Hearing protection can be divided into two mam types: earplugs, which are 
in erted into the ear canals and earmuffs, which cover the ears . Earplugs which 
are de igned to be disposed of after use are usually made from either mineral 
down to foam. ( 1 7) 
Al l  reusable plugs reqUire washing after use and a sterile place for storage. 
Earmuffs consist of a cup shaped cover over each ear held in place by a 
pring-loaded head-band. ( l 8) 
I t  is imperative that any type of hearing protection is of sufficient qual i ty to 
reduce the noise level at the wearer's ear to blow any recommended limit .  ( 1 7) 
7. Composting 
7. 1 Introduction 
All biodegradable organic material could be composted . Composting treats the 
organic compontent of the solid waste by providing the conditions for 
microorganisms, mainly bacteria and fungi, to decompose biological ly. 
Composting is seen as a way to reduce half the volume of incoming organic 
waste, because half of i t  is converted to carbon dioxide and water at a fraction of 
what it costs to landfi l l  it. In the end, there is  a useful product-a dark, crumbly, 
and earthy smelling stable material . This  compost is used primari ly as soil 
conditioner, but depending on the type of organic matter composted, i t  can also 
have some value as plant fertil izer and pest and disease control ler. Compost 
makes soil a better medium for growing plants by giving beavy clay soils, a 
better texture and by adding water and nutrient holding capacity to sandy soils. (2 1 ) 
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Composting ha further benefits .  I t  can reduce some of the lisks associated with 
landfil l ing and incineration, and with the right combination of microbes 
composting can remediate some hazardous organic wastes. (2 l ) 
7.2 History of the Composting Process 
Composting is one of the oldest methods known for solid waste disposal . I t  has 
been observed that crops grew better in soils where manure had been 
depo ited . (22) The oldest available reference date goes back to the Akkadian 
empire of the Mesopotamian valley, one thousand years before Moses. (23) 
Verro, in  40 B .C.  emphasized the need for complete decay of manure before i t  is 
applied to the soil .  In  India, during dates from 2500 B .C.  to 1 500 B .C.  
Columella in  A .D.  90, described the use of pits for maintaining optimum 
moisture content in compost. Compost was known to the Romans and Greeks ,  
who often spread manure directly into fields. (22) 
In 1 843 , a patent was granted in America to George Bommer for his Bonuner 
Method of making Manure. In this, he placed the different types of farm wastes 
on a grid. The leachent that drained through the grid was collected in a tank and 
recirculated over the top of the heap by means of a wooden pump, for which a 
patent was also granted . The Bommer method was claimed to result in  useable 
compost in  1 5  days and can probably be said to be the forerunner of scientific  
compost making. (24) 
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However, composting was first initiated as a scientific study by Hutchinson and 
Richards in the year 1 92 1 ,  at Rothamsted, England. The first important step in 
compo ting was realized some 60 years ago in I ndia by Howard who developed 
a ystem for the concept between 1 920 and 1 930. Accordingly, good composts 
were prepared by mixing crop residues with animal dung in a ratio of 3 :  1 .  The 
ubstrate was stacked in layers and turned at regular intervals during the process . 
This resulted in the prevalence of aerobic conditions in  the heaps. The technique 
later became known as the "Indore" process. (23) 
Following this, the Indian Counci l  of Agricultural Research improved the 
method by laying down alternate layers of wastes and sewage. This system is 
still used in India and is known as the Bangalore process . (24) 
In 1 933 ,  the Dano process was patented. The Dano process is currently the most 
uccessful system, with something l ike 240 units in  operation. The history of the 
Dano is quite interesting. Kai Peterson, in association with Chirstopher Muller, 
found the Dano Engineering Company in 1 9 1 2  to manufacture mechanical under 
carriage stokers for industrial furnaces. The stokers were excellent and raised the 
efficiency of combustion from 60 to 80%. This  enabled the firm 's customers to 
pay for the grates out of their fuel savings, and Dano prospered. However, 
Peterson, having a social conscience, was concerned about  the situation his 
stokers were creating. One order he received meant that the customer 's work 
force dropped from 50 to 1 7 . (24) 
The Dano Company continued with its experiments and now their largest drum 
is approximately 30 meter long and 4.5 meters in diameter and can handle up to 
1 50 tones of waste per day. (24) 
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7.3 Definition and Literature Review 
Over the years, several definitions have been proposed for the term 
"composting". These have generally encompassed the concept of the 
decomposition or incomplete degradation of organic wastes by a mixed 
microbial population, under warm, moist aerobic conditions, although anaerobic 
compo ting has been refereed to as wel l .  (25) 
Many definitions of composting can be found in the li terature, varying in their 
focus, priorities and specifications. For example, Macro and de Bertoldi ( 1 992) 
proposed the defini tion that "composting is  a controlled bio-oxidative process 
that : ( 1 )  involves a heterogeneous organic substrate in the solid state ; (2) evolves 
by passing through an ini tial decomposition phase and a temporary release of 
phytotoxin ;  and (3) leads to a stabilized state characterized by the reduction of 
mature compost". (26) 
In view of this ,  a definition was eventually drawn up. This describes a method 
for waste management whereby the organic components are biologically 
decomposed under controlled conditions to a level where they can be handled, 
stored, and applied to the soil without adversely affecting the environment. This 
definition distinguishes the process from other methods of handling or treating 
solid wastes, such as i ncineration, sanitary landfi l l ,  and pyrolysis .  (23) 
The definition indicates that the waste should be organic in  nature. Wood, paper, 
crop residues and other plant material may all be subjected to biological 
degradation, thereby fulfi l l ing the conditions required for the process .  (23) Lau 
( 1 992) ,(27) studied the impact of aeration on the efficiency of composting swine 
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wa tes and found that the temperature of the composting process was the most 
important indicator of process performance. Gonzalez ( 1 992) ,(28) applied 
pig- lurry compost as a ferti l izer supplement. Bernal ( 1 993) , (29) combined 
chopped traw with pig-slurry wastes to reduce amm onia release during the 
composting process. To further reduce the release of ammonia, the compost was 
topped with a natural zeolite ( a si l icate mineral) to assist in the capture of 
ammonia. (30) Martin ( 1 993) ,(3 1 ) assessed improvements in the compost 
process with variations in mixtures of compost feedstock, which included fish of 
fall chicken manure and crab processing wastes . Promising results were 
observed when the final compost was land appl ied. Martins and Dewes ( 1 992) , 
(32) studied the release of ammonia during the composting of animal wastes and 
found that the greatest portion to be lost via emission rather than associated with 
the leachate. Composting temperature and heap rotation were determined to be 
important factors influencing losses. Kao ( 1 993) ,(33) discussed the 
improvement of the compost process for treatment of swine waste and 
wastewater in terms of odor control via the addition of sawdust. 
Baca ( 1 993) ,(34) monitored the changes in composition of the gas phase from 
compost variations of sugarcane bagasse. Bono ( 1 992) ,(35) evaluated the 
impact of temperature on the composting of wheat straw and corn stalk at a 
bench-scale level . Badawi ( 1 992) ,(36) investigated composting with methane 
recovery of three variations of municipal solid waste and agricultural residues . 
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7.4 Operational Parameters 
7 .4. 1. C/N Ratio 
The Activity of microorganisms involved in composting I S  directed at 
ynth esizing microbial protoplasm which contains about 50% C, 5% N and 0.25 
- 1 % P on a dry weight basis .  (26) Change in the C :N ratio in the substrate is 
con idered one of the most important criteria in determining the successful  
completion of a compost. c23) The optimum ini tial C :N ratio should be between 
30:  I and 50:  I . e37) 
While soil  microorganisms exhibit a wide variation m the C :N ratio with 
averages between 1 5 :  1 and 20: 1 ,  the C :N ratio of agricultural wastes is 
approximately 70: 1 .  However, the variation in  urban waste might be even 
greater due to the diversi ty of material that may enter into the system. (23) 
When the CIN ratio is  too narrow, N will be lost from the system as ammonia. I f  
the CIN ratio is  too wide, the synthesis  o f  biomass, and i ts breakdown for new 
formation of protoplasm, wil l  be repeated many times before a stable state is  
reached, s lowing down the composting process. (26) 
7.4.2 .  Acidity (pH) 
As most biological fluids are balanced in  their cationic and anionic states near 
neutral ity; pH 7 .0, that is  also the ideal for soils and a composting mass. At a pH 
much higher than 7 .0 the aqueous medium of  activity will  contain dissolved base 
ions at a concentration higher than those in the microorganisms, causing a 
osmotic loss of water from their vital fluids. The excess of the OH- ions will  also 
cause loss of the ammonium ions as ammonia and hydroxylation of essential 
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biological elements l ike Cu and Zn rendering them amenable to precipitate as 
insoluble mixed carbonates. At the other extreme, mass action of the excessive 
H+ ion at low pH can cause decomplexation and desorption of essential base 
ion , e .g .  Ca and Mg from organisms, and toxic metal ions l ike AI ,  Mn and Cu 
from minerals and organic matter. (26) 
The pH of manures is usually slightly above 7 .0, and that of plant materials and 
mo t household garbage is between 5 .0 and 7.0 .  Wood wastes and sludges from 
pulp and paper mills may have low pH of 5-6 and a high buffering capacity. (26) 
Some studies indicate a need for the addition of l ime or calcium carbonate to 
prevent the accumulation of excessive levels of acid in the substrate. (24) 
7 .4 .3 Moisture Content 
Most biological processes require up to 90% moisture in the substrate, where 
impellers are used to agitate the medium. In composting, the substrate may be 
used in the solid form with a moisture content of 40% to 60%. This  level should 
be adhered to particularly at the initial stages of the process when the microbial 
activity is at its highest. This enables the initiation of the biochemical changes 
that contribute to the degradation of the organic fraction in the substrate . (23) 
Excessive moisture ill the heaps may lead to the development of anaerobic 
conditions which result  in  the release of offensive odours from incomplete 
bio-oxidation. (23) Essential nutrients and intermediate products of 
decomposition may also leach out. (38) It would also be difficult to aerate the 
heaps with corresponding mechanical problems. However, insufficient moisture 
may lead to rapid  drying of the substrate and result in  slow microbial activity. 
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Thi would prolong the composting process and the end product may not be 
stable. In thi respect, it is generally advisable to moist with water the surface of 
the heaps periodically as evaporation occurs at the layer in contact with the 
atmo phere. (23) 
7.4.4.  Aeration 
A substantial portion of the organic carbon is oxidized to C02 and H20. Jeris 
and Regan ( 1 973) found that each gram of volatile organic matter in  municipal 
refu e required 1 44 mg of 02. (26) Their result suggested that a minimum of 
30% free air space should be maintained for a wide variety of composting 
mixtures .  (39) 
As composting is  strictly anaerobic process, i t  i s  essential to aerate the heaps to 
activate the indigenous microorganisms present in  the substrate. The aIr 
contained in the interspace of the organic fraction varies in  composition. (39) 
While carbon dioxide gradually increases due to respiration, the oxygen level 
decreases steadily. Thus,  natural or mechanical aeration of the substrate is 
essential .  Both the quantity of air supplied and the rate of aeration are critical . 
Uniform distribution of air throughout the heap assists in  speeding up the 
process. While naturally aerated heaps take 8- 1 2  weeks to compost, 
mechanically aerated ones take 2-3 weeks. (40) 
The aeration rate depends on a number of factors. These include the nature of 
the composting material , its environment, moisture content in the substrate, and 
the stage of the composting process . c37) Areation should be varied during the 
process .  Oxygen requirements are highest during the first two or three days 
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when microbial activity is at i ts peak. This may continue, particularly during the 
thermophilic phase which may last up to 2 weeks . (23 ) 
7.4 .5 Temperature :  
One of the most significant developments in  a composting mass is the rapid 
build-up of heat which manifests i tself in  the form of an increase in temperature 
within the heap and may be measured and controlled . This effect is evident for 
all composting heaps as the process i tself is dependent almost entirely on the 
activity of the indigenous microorganisms in the substrate, which leads to this 
result .  (23) 
The temperature of a compost-mix is important in  several prespectives . As heat 
i generated by the oxidation of organic matter it is symptomatic of the progress 
of the process. Microbial processes of thermophiles and chemical reactions are 
faster at h igher temperatures but beyond 70°C the organisms and many 
exoenzymes are inactivated and "thermo ki lled", causing the process to stal l .  
H igh temperatures are also conductive to excessive evaporative loss of water 
and odor emanation. (4 1 ) Most of disease causing organisms are ki l led at 
temperature in the region of about 60 °C. (23) 
7 .4.6 Heap S ize 
It is well documented that a minimum height of 1 . 5 m and width 2 .5  m IS 
necessary to retain enough heat in a composting mass to promote the desirable 
thermophilic activity. (42) The length of the heap and i ts total size wi l l  also 
depend on the aeration and agitation system used. (26) 
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7.4.7 Odor 
Decomposition of organic material naturally may release ammonia and aliphatic 
acid under aerobic condi tions and the foul-smelling H2S,  mercaptans, diamines 
and methyl amines under anaerobic conditions .  (26) 
7.5 Uses of Compost 
The end product from a composting process should possess certain desirable 
characteristics for use in the soil .  As composts are often used more as soil 
conditioners than as fertil izers, they, should possess certain charcteristics which 
should enhance the quality of the various types of soil on which they are applied. 
Well composted material is  dark brown in colour and has an earthy, musty odor. 
Ideal ly, compost should retain moisture and release nutrients in  a slow sustained 
manner. (23) 
Compost should be free of toxic metabol i tes that are particularly of a phytotoxic 
nature, as this could defeat the intended purpose of their application. Depending 
on quality and avai labi l i ty, coupled with paper management, composted material 
may be used in potted plant, In horticulture, for vegetation, or for 
landscaping. (23) 
7.6 The Technology of Composting 
Weighbridges are installed and all ioded vehicles are weighed as they enter and 
leave the site. The vehicles proceed or round the one-way system of road to the 
reception hall to discharge their loads.  Reception hall has a s teel frame and i t  
contains steel hoppers . At  the bottom of  each hopper, a hydraulically operated 
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moving floor i found that di charges the wa te onto elevating conveyor which 
in tum, transfer the wa te to the salvage haI1. (24) 
Hamm r mills are used to crash waste before it goes to the magnetic separator 
which remove the ferrous metal and drops them onto conveyor belt. The 
residue i then passed into the stabilizer (Drum). The tumbling action breaks 
down the material phy ically and ensures a homogeneous mixing. The aerobic 
bacterial decomposition is the start of the composting process .  The biological 
d gradation rai e the temperature inside the drums to 55°C,  which is sufficient 
to kill any pathogens pre ent .  The material slowly gravitates to the discharge end 
where large rejects are returned on a special screen. The retention period in the 
drum varies between two and four days. At the discharge end of the stabil izers , 
the material falls into belts which transport i t  to the screen. The compostable 
material, 4-cm in diameter and below, fal ls  i nto the compost traps while the 
material over this size is rejected onto a belt which transports it to each of the 
creen for loading on to lorries prior to tipping. (24) 
The compostable material is transported from the screen bus bags by mean of 
bucket loaders which place the material in  windrows. These windrows are 
normal ly 40 to 1 40 meters in  length and are roughly triangular in  section 3 
meters high and 4 meters across the base. I t  i s  turned by mechanical shovels 
every even to ten days, depending upon the temperature. After three months, 
the process is  completed and the windrows receive a final period in a 
drying shed before being finally screened to pieces of 1 centimeter diameter, 
ready for packing and sale. (24) 
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8. Aims of The Present Study 
The purpo e of this study is to carry out an environmental study associated with 
the compost plant located to the southwest of Abu Dhabi city. The study aims at 
the following specific objectives: 
( 1 )  Determination of community all quality as related to the influence of 
composting process .  
(2) Indentification of local health, environmental and social effects due to 
compost manufacturing. 
(3) Generation of i nformation to aid in planning air pollution control in  the 





1 .  Observation Sites 
1 . 1  Abu Dhabi 
1 . 1 . 1  Location and Area 
Abu Dhabi Emirate (Figure 2) l ies on the south-eastern coast of the Arabian 
Penin ula. It has an area of about 77,000 km2, representing 86% of the total area 
of the United Arab Emirates .  Abu Dhabi the Capital is an offshore is land in the 
Arabian Gulf, with an area of around 223 km2. I ts territory includes a number 
of about 200 islands, for example, Das, 1 60 knl north-west of the Capital . I t  has 
an area of about 3 km2 and includes the Abu Dhabi Marine Company (ADM A) 
refinery operating centre, Mubaraz, Sir  Bani  Yas, 1 80 km west of the Capital , 
AI-Sadiat, east of the Capital, and Abu-AI Aubyed, 70 km west of the Capital, 
Umm AI-Nar, the s i te of the UAE's first oil  refinery. The archeological finds 
proved that people had l ived in the area thousands of years ago. 
The Emirate of Abu Dhabi also includes AI-Mogon area, Sabkha Matti, Al  
Dhafra Pastures with their rich water resources . There is also about 60 vi llages 
in the middle of the Emirate belonging to Liwa Oasis and stretching from east to 
west for 1 00 km. They are known as Mahader Liwa (Liwa Crescent) . The 
eastern part of the Emirate includes AI-Ain city and its suburbs, besides 
AI-Zomool which l ies on the far south east of the Emirate. The desert occupies 
70% of the total area while the plain area occupies 30%. (43)  
1 . 1 .2. Emirate Name 
There is  no definite justification or explanation for the Emi rate's name. 
However, the most common explanation is that it is attributed to the great 
number of deer found by the Bany Yas Tribesmen when they first came to the 
area. (43) 
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1 . 1 .3. Historical Background 
The hi tory of Abu Dhabi is  inseparable from that of the Arabian Gulf. The 
Emirate can trace i ts history back thousands of years as excavations and rel ics 
found in many parts of the Emirate have shown that man lived there since the 
Stone Age. Historians state that the phoenicians, who were l iving in the 
Medi terranean Area, passed by the shores of Abu Dhabi and so did Alexander 
the Great of Macedonia on his way back from I ndia. Tragan, the Roman emperor 
went past this area while invading the Persian Empire. (43) 
A new era in the history of the Arabian Peninsula began with the coming of 
I lam to the Gulf region which became an important maritime and commercial 
centre in the age of Aloumaween. With the great increase of commercial 
resources and the flourishing of ship industry in the Gulf, the focus of attention 
of Europe was directed towards the region wishing to dominate and seize i t .  
H istorians state that the tribes of Oman Coast fiercely defended the land and the 
honour. The tribesmen of Bani  Yas also took part in facing the European 
invaders from Portugal and B ritain .  The latter had i ts hegemony on the Emirates 
of Oman Coast, later known as the Trucial States, until it was proclaimed an 
independent state on 2 Dec . ,  1 97 1 . (43) 
The excavations of a Danish mission have shown that there was a flourishing 
civil ization 400 years ago in the area. Abu Dhabi was a shelter of food and water 
to the travelling tribes. I t  is worth mentioning here that the Bani Yas tribe to 
which the incumbent UAB President Sheikh Zayed belongs, was one of the great 
and major tribes of the Gulf since 1 624. 
The Bani Yas Tribe and the Ruler of Oman stood side by side and managed to 
drive out the Portuguese. I n  1 793 , Sheikh Shakhboot became the ruler and he 
signed a chain of treaties with the different tribes of the Emirate. He also 
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ucceeded in keeping the Emirate away from any foreign intervention and in 
having good relations and co-operation with the neighboring countries . 
Sheikh Zayed Bin Kbalifa or Zayed the first's reign, which lasted for more than 
half a century from 1 855 to 1 909, is considered a great flourishing era. I t  
occupies an important position and appreciation i n  the history o f  the Emirate of 
Abu Dhabi especially because of pearl diving which began in that t ime. 
Historians mention that the highbOin Bani Yas tribe is  the greatest and biggest to 
ettle in the area. (43) 
Many famil ies originate from the Bani  Yas tribe. For example, including Abu 
Falah to which AI-Nahyan, the nll ing family of the UAE, belongs and 
Al-Buflasa, to which AI-Maktoom the ruling family of Dubai, belongs . Also, 
among the descendants of the B an i  Yas Tribe are : AI-Qubaisat, AI-Sudan, 
AI-Mazaree, AI-Bu Mohair, Al H awameI, Al Rumaithat, Al Maharba, Al 
Qomzan and Al  Moror. Three other tribes l ived also in Abu Dhabi .  They are Al 
Manaseer, Al  Dhawaher and AI-Awamer. They and the Bani  Yas Tribe depended 
on fishing, hunting and pearl diving for their l iving. (43) 
They depended also on the palm dates of Liwa and other oases, and the 
vegetables and frui ts of AI-Ain.  Pearl ' s  revenue was their main way to get rice, 
sugar, coffee and c lothing.  M aria Teresa Thaler and the Indian rupee were the 
two chief transacted currencies. (43) 
1 . 1 .  4. Climate 
The cl imate of Abu Dhabi city IS a deserty one. The absolute maXImum 
temperature during summer (May-Oct .)  is between 39 and 46 °C. Relative 
humidity sometimes reaches 1 00%. Rainfall  is usually in winter and scarce or ni l  
in summer. I n  1 993 the climate data reflects the fol lowing : (44) 
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The maximum temperature is 46.2 °C and The minimum is 1 0 °C while the 
annual average is approximately 27.4 °C. The total rainfall in Abu Dhabi is  
1 0 1 .4 rnm. The maximum average of rainfall occurs in  February. The mean 
relative humidity level ranges between 36 and 84%. (44) 
1 . 1 .5. Abu Dhabi Economy 
In the pre-oi l  era, the Emirate 's economy was poor, l imited and primi tive. I t  was 
greatly dependent upon pearl industry, fisheries, animal raising, agliculture and 
some crafts and other minor activities. The tools and means of production were 
so primi tive and s imple, hence the economic activities were mostly seasonal . 
(43) 
1 . 1 .6. Population 
The census conducted in 1 968 showed that the total population of Abu Dhabi 
was 46500. But  with the development of the Emirate, the population has thus 
been increasing and multiplying "redoubl ing" every five years to the measure 
that i t  has become one of the most populous emirates all over the world 
especially during the last two decades. UAE Ministry of Planning, estimates for 
1 975 place the figure at 2 1 1 8 1 2.  The census taken place in  1 986 showed a 
population of 450,000 while the population of the city of Abu Dhabi and the 
Western Region was 250,000. (45) The fol lowing table shows the incessant 
increase of the population. 
Table IV : Total Popu lation of Abu Dhabi City During the Period 
1 988- 1 995 .c44) 
Year population 
1 988  486536 
1 989 508202 
1 990 528340 
1 99 1  55 1 463 
1 992 574745 
1 993 596946 
1 995 928360(46) 
1 . 1 .7. Currency 
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Since the establishment of the UAB in 1 97 1 ,  it has became a member of the 
International Monetary Fund (IM F) .  
Minting and issuing the Dirham of the UAB was valued and compared with the 
US Dollar. UAB Dirham is the national currency of Abu Dhabi and the other 
members of the state. c 43) 
1 . 1 .8. Religion 
The State rel igion is Islam, which also provides the foundation of the legal 
system. It is the pi l lar and creed of all its people. I t  first took root in the area that 
now comprises the UAB during the l ife-time of the Prophet Mohammad. With 
the establishment of the UAB, a large number of mosques were built and 
established allover the state, i ncluding Abu Dhabi .  (43) 
1 . 1 .9. Time 
GMT Plus 4. 
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1 .2 Abu Dhabi Compost Plant 
1 .2. 1 .  Location and Area 
Abu Dhabi Compost Plant is situated in the industrial zone of AI-Mossaffah 20 , 
km south-west of Abu Dhabi city (Figure 3) .  
The area of the plant was about 0.077 km2 in 1 979. At present, the area is  
enlarged to include the incessant increase of wastes, to  reach about 0 .37 km2. 
1 .2.2. Plant Establishment 
The Emirate has gone through industrial and urban development and progress at 
an astonishing speedy pace since the establishment of the D AE in  1 97 1 .  Thanks 
to oi l ,  Abu Dhabi has become v irtually one of the richest cities of the world. 
Every part of Abu Dhabi has changed from primitive hard l ife to an urbanized 
modern one depending on modem technology and its great faci l i ties in all 
aspects of l ife. The people of Abu Dhabi enjoy a l iving standard that is  among 
the highest in the world. 
Due to this rapid change, there has been a great economic development which 
resulted in an abundant industrial and commercial development in the mean 
time. According to these social changes, the society has become a consuming 
one. Great numbers of immigrants came to the DAE with their own consuming 
habits . Therefore, consumption rates have increased rapidly. 
This way of l iving has a direct effect on the amount of waste which is connected 
with the population and the national income. The rate of waste in all i ts forms 
reaches 1 200 tons a day. The individual waste rate is more than 2 kg a day. 
Table V shows how the waste's forms, in percent, differ during the years ( 1 974 
- 1 992) . 
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Table V :  Percentage vanatIOn III Wast Components During the Period 
( 1 974 - 1 992). c47) 
Component ( % )  1 974 1 987 1992 
Paper and Cartons 1 6 .8  42.39 20 
Fermented Materials (food) 47 .4 22.49 47 
Glass and Sand 1 1 .3 8 . 1 9  1 3  
Elements 20.9 1 4.05 6 
Plastics and Elastics 0. 1 6 .62 1 2  
Wood 2.6 6.25 2 
Municipal wastes resulting from man 's different activities are considered an 
important and a main source of pollution. So, there must be a suitable way to 
collect and get rid of these wastes. In case this is not done, they certainly 
represent a source and origin of multiplying and spreading of insects which 
cau e many diseases . The unpleasant smells  also cause harms to health, society 
and general scene. 
Hence, there should be suitable means of waste disposal or at least demolishing 
of them as they contain organic compounds taken from the waste and recycled 
to the soi l .  Abu Dhabi Compost Plant is  a vi tal project which takes part 
effecti vely in environment conservation and demolishing the amount of waste 
before getting rid of them by means of combustion or burying. 
The household wastes contain 60%-80% organic compounds such as paper and 
li tter. We can make use of wastes through sound healthy means which do not 
cause pollution . It helps in  overcoming and lessening the burdens over 
environment. It also plays an important role in soil ferti l i ty and productivity, 
improving natural and chemical properties, increasing the soil nutrients needed 
for plants and crops, getting rid of pests and microorganisms, putting an end to 
bad, unpleasant smells, and spreading the green colour and developing the 
agricultural projects of the country. 
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Table VI : Specifications of Compost Plants in United Arab Emirates. (47) 
The Enlirate 
1 st stage 
Abu Dhabi 2nd stage 
New unit  
Al Ain 1 st stage 
2nd stage 
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1 .2.3. Stages of Abu Dhabi Plant Establishing 
Buhler, the S wiss company had established the Abu Dhabi Compost Plant and 
many other plant all around the world. 
The plant, established in 1 977, was for seen to have a total consumption a 
capacity of 480 tons of waste to produce 200 tons of organic fertilizers along 2 
stages. 
First Stage 
This started in March, 1 977 with a capaci ty of 1 20 tons of waste, to produce 50 
tons of organic ferti l izers a day. The total cost of this  stage is  33 ,7 1 2,538 
Dirhams. 
Second Stage 
It began in 1 979 with a capacity of 360 tons of waste to produce 1 50 tons of 
organic fertil izers per day. The total cost of this stage is  1 1 7,528 ,000 
Dirhams.This stage involved also the erection of other buildings and stores at a 
cost of 2, 1 49, 1 2 1  Dirhams. The total plant cost amounts, therefore 1 53 ,389,659 
Dirhams (Ca 4 1 ,68 1 ,973 US $). 
1 .2.4. Employment and Achievements 
The number of employees increased with the establishment of the different 
stages of plant. In (Table V I I) the development of the employees in the period 
1 977 to 1 995 in the Abu Dhabi  Compost Plant is given. (47) 
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The ince sant increase of employees refers to the great expansion of the plant 
and the increase in the amount of received wastes. The plant works round the 
c lock work in three shifts, morning shift from 7 :00 to 1 4 :00, evening shift from 
1 4 :00 to 2 1 :00 and night shift from 2 1 :00 to 7 :00. 














1 .2.5. Composting Process 
The compo ting process is summed up in the following steps:  
1 . 2.5 . 1 Weighing the Charge 
Weighing the vehicles is the first stage through which the wastes pass before 
discharging both to know the amount and weight of the daily coming wastes to 
the plant from different districts of Abu Dhabi city (Figures 4,5) .  
1 .2 .5 .2. Receiving Hall 
The recent data concerning the amount of municipal solid wastes collected from 
the different districts i n  Abu Dhabi city and the neighboring areas are 
graphically represented in  (Figure 6) .  
The plant receives the wastes collected from the city of Abu Dhabi and the 
neighboring areas . The wastes are mixture of various waste forms.  They differ 
from town to town, region to region, street to street, and house to house 
according to the standard of l iving of the inhabitants , i . e . their income, their 
social behavior and habits. Generally, wastes and their components, used in Abu 
Dhabi compost plant can be divided into the fol lowing: -
1. Municipal solid wastes, collected from l i tter, tins, cans and wastes of 
supermarkets and houses. 
2 .  Public health wastes, of invalid spoil t  food stuff and out of date products 
3 .  Waste from mil itary camps, offices and their barracks. 
4. Agriculture wastes , of grass, leaves and branches. 
5 .  S laughter houses wastes, resulting from the activities o f  slaughter houses . 
The Health Department of Abu Dhabi Municipality collects wastes from 
markets, parks, public uti l i ties, houses, shops and schools using special equipped 
vehicles. 
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Figure 4 :  Abu Dhabi Compost Plant Gateway 
Figure 5 : The Administration and Weighing B ridge Units 
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The plant does not receIve the solid wastes of different industries, hotels, 
hopping centres, demolition and construction processes, hospitals and clinics 
becau e they can be ei ther dangerous or poisonous. In case of mixing with 
fert il izer , they will  cause harm to man and other l iving beings health and safety 
on one hand and soi l pollution on the other hand. 
In Abu Dhabi Compost Plant, there is a receiving hall for receiving waste carrier 
vehicles . The wastes are col lected in two halls, the first which was establ ished 
in 1 977 is  devoted to production line No. ( 1 ) . The second hall ,  establ ished in 
1 979, is specified for production l ines Nos. (2 ,3  and 4)  (Figure 7) .  
After discharging the wastes, comes the manual separation process, where 
workers separate useless materials such as stones, heavy metal pieces, wood, 
tyres, wires and other materials which cause harms and damages in the 
following treatment stages . There is a worker at each collection centre who 
separates wastes using a steel draw-bar and wearing a helmet, masks, gloves and 
other special c lothes for his  protection and safety. 
After the manual separation process a crawler tractor, with rubber tyres, feeds 
the basin found in the collection centre which is provided with a conveyor belt. 
Its width is  less than a meter. It is provided with barricades for reducing sliding. 
I t  moves between two steel high sides and has a small capacity of storage. It is 
firstly fed by a crawler tractor. 
More than 90% of the wastes received at the plant are charged during the 
morning and the afternoon shifts each day in case there is no mechanical or 
electrical defects . 
I n  the morning shift, the factory sprinkles insecticides for driving away 
unpleasant smells, inhibiting multiplying insects and keeping the factory clean. 
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Figure 7 :  Receiving Halls. 
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1 .2 .5 . 3 .  Mi lling and Separation 
The wastes are drawn from receiving unit through iron draw-bars until they 
reach the hanuner mil l .  This is a crucial process as a great amount of recoverable 
wastes is turned into organic fertil izers of a more than 50 mm. It i s ' a vital 
proces in which the amount of waste is demolished. It also helps in waste 
mixing and converting into a harmonious connected material . The hammer mil l  
i s  a thick iron box containing some rotary shafts . The number of rotation may 
reach 1 00 times per minute. The hanuner mil l  carries one or more sort of 
haffi lners . It i s  supplied with the waste through an upper opening for breaking 
and reducing i t  by its repeated crash with the hammers (Figure 8) .  
Textiles, paper bags and rags are the most common reasons of the hammer's 
blockage. This defect would not happen if  the waste is segregated in a previous 
stage . There could be an explosion in the hammer mill because of emission and 
collection of some gases inside this c losed unit. Also, paper is a main reason of 
hammer mil l  damage. The excessive wear of the iron bars could be treated by 
welding new pieces instead . 
After crushing fragmentation of wastes using hammer mills ,  the crushed wastes 
pass across a mechanical vibrator which is a corrugated board . It is used for 
vibrating, dissolving the wastes and for easy separation by a magnetic separation 
device which operates on direct current. The magnetic device is  an upper one 
which attracts l ight pieces of iron from amongst the passing wastes . Most of 
these metals are empty tin cans attracted to the magnet unti l  they get away from 
the magnetic field. The tin cans fal l  on a rubber belt, and then they are put in  
special containers (Figure 9). Special companies take such types of wastes and 
recycle them. 
The wastes, that are not attracted by the magnet, pass on an iron draw-bar to be 
taken to the fermentation cylinder. 
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Figure 8 :  Hammer Mi l l  and Magnetic Separation Units .  
Figure 9 :  Metals Reject Unit . 
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1 . 2 .5 .4 Drum 
This is a horizontal cylinder rotating around itself. It i s  made of iron with an 
out ide isolation layer (l iner) . Its length is 330 m. ,  and diameter is 3 .6  m.  It has 
the capacity to contain 1 20 tons of waste and 30 tons of water. It i s  designed for 
turning over the wastes over 24 hours .  The temperature inside the drum ranges 
between 60-70 °C and is regulated according to certain conditions, such as 
number of rotating cycles, humidity and the amount of waste. Increasing 
temperature is  produced through the fermentation by air and auto-steril ization 
processes which is effective in kil ling ova, blight and parasites such as flies. It 
kills also some kinds of harmful bacteria and some diseased plants (Figure 1 0) .  
Water is  added until  the humidity reaches the acquired standard (50 to 55 %) .  
It is provided with air inside and drawing the gases resulting from turning and 
mixing. The drawn gases are discharged from the cylinder by passing them 
through an underground fil ter consisting of sand and stone. 
The wastes are kept inside the cylinder for about 3 days. Then, the material gets 
out of the cylinder 's back and passes directly through a mechanical screen, 
rotating with the cylinder. The screen consists of two layers ; the first layer 
separates the invalid, useless materials whose diameter is more than 1 .5 inch. 
The second layer which l ies under the first one shifts the materials fi ltered off 
the upper layer. This  permits the useful, valid materials for fermentation to pass. 
Therefore, the outcome material includes many useless materials l ike glass, 
textiles and small stones. So, i t  needs another treatment process either before or 
after the fermentation process (Figure 1 1 ) .  
The useless, i nvalid materials, segregated through the upper screen of more than 
1 .5 inch, are taken through iron draw-bars to a collecting centre to be 
transported to the municipal incinerator in AI-Dhfra area. 
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Figure l O : Drum (Fermentation Digestion) Unit 
Figure 1 1  : Drum Screening Unit 
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The materials valid for fermentation are taken through upper distributor to the 
fermentat ion area after adding urea to increase the percentage of azote by 2% 
(Figure 1 2) .  
1 .2 .5 . 5 .  Fermentation and Storage 
Compost is transported automatically through the upper drawers to sheded areas 
designed for the fermentation process .  The compost material takes the form of 
pile ; having a length of about 1 00 m and a height ranging between 1 40 and 1 60 
cm. A layer of sludge is mixed with the pi les with an amount ranging between 
1 5  and 20 tons a day (Figure 1 3) .  
The pile is  turned over four or  five times a month for venti lation and harmonized 
intervention to keep the humidity value between 47 and 55%.  Equipped 
machines tum over and mix the piles. Gases evolve, and the driver of the 
machine is  exposed to the risks of the ascending gases (Figure 1 4) .  
After the fermentation period, compost is  kept i n  stores by  means of  crawler 
tractors . Compost is  put into piles of 2 m height. I t  is left for 2 months to dry out 
(25-30% humidity) .  
After the fermentation and storage of compost, i t  is taken by crawler tractors to 
separation and packing unit .  At the separation stage, the undesirable materials, 
such as plastic bags, nails and glass are separated on a vibrating metal board 
until the compost gets soft .  The compost is sucked and sorted in a storage unit .  
Next, compost is  packed in  bags or left unpacked. 
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Figure 1 2 : Urea Adding Unit 
Figure 1 3 : Fermentation Unit. 
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Figure 1 4 : Turning Over and Mixing Machine 
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1 .  2 .5 .6  Separation and Packing 
For compost marketing, the material should be free of impurities, such as glass 
piece , flakes or l i ttle stones. The price of compost is  highly reduced with the 
pre ence of such impurities. 
Impure compost is  called coarse compost. To keep away the undesirable objects 
a process of screening should be run before marketing or sel l ing. The plant uses 
vibrating screens for this purpose. These have a flat inclined plane, over it ,  
coarse compost is  passed by quick vibration. 
Different s ize degrees can be achieved by using subsequent planes . This kind of 
screening is of low cost, s ince i t  just needs a small area. However, i t  has some 
demerits , such as holes blocking as the vibrating process does not destroy all the 
big masses. Monitoring should be continuous for cleaning the holes and keeping 
them opened. This is  the worker's role (Figure 1 5 , 1 6) 
There are three units i n  the plant, two of them for screening and packing. They 
were establ ished i n  1 977.  
A recent screen was added to the plant in  September, 1 995 with a capacity of 
about 50 tons per hour. By  using this equipment, the compost of the plant is  
wholly screened. The average production of this unit ranges between 3 to 3 . 5  
tons an  hour. There are some factors that hinder the screening and separation 
process :  humidity, metal parts wearing, rubber parts l impness due to the 
vibration action and rubber parts cracking. 
Fi ve workers operate at the screening and segregation unit: one for packing 
bags, one for sewing, one for arranging bags, and two for carrying the bags to 
the storage unit  (Figure 1 7 , 1 8) 
The plant produced about 320,000 bags i n  1 995 . I t  is  expected that the sales wil l  
increase i n  1 996 as a result of reducing compost prices . 
Table V I I I ,  show the production rate during 1 995, Table IX and (Figure 1 9) 
show the annual production rate of the Abu Dhabi Compost Plant. 
Figure 1 5 : Hopper Unit 





Figure 1 ? : Packing Unit 
Figure 1 8 : Storage Unit 
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Table V I I I : Monthly Alnounts of Municipal Solid Wastes input and Reject in 
Abu Dhabi Compost Plant During 1 995 . (47) 
Month I n put (ton) Reject (ton)  
Jan.  1 1 954 7595.57 
Feb. 1 1 643 7397.96 
March 1 3869 881 2.36 
Apri l  1 2727 8086.73 
May 1 2939 8221 .44 
J u n. 1 31 09 8329.45 
Ju l .  1 41 39 8983.92 
Aug. 1 3676 8689.73 
Sep. 1 26 1 9  801 8.1 1 
Oct. 1 2938 8220.8 
Nov. 1 2587 7997.77 
Dec. 1 4648 9307.33 
Tota l 1 56848 9966 1 . 1 7  
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Table IX : Yearly Amounts of Municipal Solid Wastes ( Input and Rejected) in  
Abu Dhabi Compost Plant ( 1 990- 1 995) . (49) 
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Figure 1 9 : Yearly Amounts of Municipal Solid Wastes (Used and Rejected) in 
Abu Dhabi Compost Plant. 
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1 .  2.5.7. Compost Tests 
Physical and acidity tests : 
a) General shape : The components should be half-connected not so large and 
not so depressed. 
b) Colour : I t  should be dark brown or black when sweated . 
c) Fineness : It should be pulverous l ike that of the soil when ploughed. 
d) Smell : In  case the smell of the fertil izer is unpleasant, that means that 
compost is not yet fermentated . 
e) pH :  The neutral ized or sl ightly acidic compost is the best while that of li ttle 
alkal inity can be accepted. 
Health Tests : 
These run to discover the micro-organisms that cause diseases; blight, parasite, 
ova, fl ies and plant diseases as nematoda and other diseases . 
Analytical Tests: 
To recognize the proportion of organism in  the soi l and the soil nutrients such as 
nitrogen, phosphorous, potassium, sulphur and the proportion of salinity 
especially sodium, the plant runs periodical tests and analyses for the final 
product in  co-operation with the laboratory of agriculture of Abu Dhabi 
Municipality. 
2. ampling Locations For Air Quality Monitoring 
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Any aIr quality monitoring program I S  composed of three distinct but 
interrelated elements : sampling network, laboratory support, and data 
acquisition and analysis. With automatic (continuous) instrumentation the need 
for routine laboratory support is greatly reduced. Network design entai ls the 
number and type of stations needed, their locations, frequency of sampling, and 
duration of collection period for each sample. Accordingly, the fol lowing 
sampling points where chosen inside (indoor) and outside (outdoor) of the plant 
under consideration : 
Indoor Sampling Locations Outdoor Sampling Locations 
l .  Administration Unit 1 .  0.5 .  km South o f  the Plant 
2. Receiving H al l  2 .  0.5 km East of the Plant 
3 .  Drum Unit 3 . 0.5 .  km North of the Plant 
4. Fermentation Unit 4 0.5 km West of the Plant 
5 .  Separation Unit 
6. Packing Unit 
I t  should be noted that the arrangement of the outdoor san1pling locations is 
based on the location of the main gate of the plant in the southern direction. The 
distribution of the indoor sampling locations is shown in (Figure 20) . 
Regarding the outdoor study, the number of sampling stations required depends 
primari ly on the existing pollution levels, their variability, and the size of the 
region . The number of sampling stations must be adequate to allow definition of 
the area or areas where ambient concentrations may be expected to exceed air 
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Figure 20 : Abu Dhabi Compost Plant, Sampling Si tes. 
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A fi rst approximation of the number of stations required in  a region may be 
obtained from (Figure 2 1 )  in which the number of stations is shown as a 
function of total population. The curves in (Figure 2 1 )  show a spread suggesting 
a minimum and a maximum number of stations for each population class 
depending on the extent and degree of pollution. 
Figure 2 1 ,  i s  intended only as a general guide to network size. The curves are 
based on a qual i tative evaluation of cities of different population classes in terms 
of their existing networks, pol lution patten1s, and geographic distribution of 
ources. The relationship between population and network size was derived 
from such i nvestigations combined with experience and knowledge. I n  general, 
population is a good index to network size and such data are easily obtainable. 
There are, however, certain situations, such as the relative absence of S02 
pollution in  the western portion of the United States, in which these curves are 
not applicable. In these cases, more-specific information on sources and 
emissions is  essential before network size can be determined. (50) 
Accordingly, four outdoor sampling sites were chosen for the present 
investigation.  These are 0.5 km South of plant, 0.5 km East of plant, 0.5 km 
North of plant, and 0.5 km West of plant. The decision concerning the number of 
the sampl ing locations is  based on the fact that the number of population in the 
nearest community to the plant ranges between 1 0,000 to 1 5 ,000. It should be 
stressed also that the choice of the outdoor locations, based upon a half-km 
distance from the plant, is in accordance to the EPA regulations. (50) 
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Figure 2 1  : Region Population Versus Number of  Stations. (50) 
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3.  Description of Experimental Work 
3. 1 Air Qual i ty Monitoring 
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For properly assessmg air quality levels in an area affected by a stationary 
emission source, monitoring should be carTied out simultaneously indoor and 
outdoor of this source. The three major pollutants of interest in the present study 
are ammonia (NH3) ,  sulphur dioxide (S02) and methane (CH4) '  These were 
moni tored by a portable measurement unit, called M IRAN I B2 Portable 
Ambient Air analyzer. 
The M IRAN I B2 Portable Ambient Air Analyzer used in the present 
investigation (Figure 22) is manufactured by Foxboro Company, USA. It is a 
portable, microprocessor controlled, single beam infrared spectrophotometer 
used to measure concentrations of gases or vapors in ambient air. Uti l izing 
interactive programming to prompt the operator through available choices and 
function, the analyzer combines the accuracy and precision of infrared 
pectrophotometry with the inherent advantages of microprocessor control .  
The portable design of the MIRAN I B2 analyzer permits on site monitoring 
with no need for chemical reagents or other accessories . An internal sampling 
pump draws an air sample into the gas cell for analysis and also flushes the cell 
quickly and easily when the measurement is complete. The analyzer weighs only 
1 3 .6 kg (30 lb) and the placement of the handle and convenient shoulder strap 
provide excellent balance for extended use during air sampling surveys . (S l )  
, . 
Figure 22 : Miran I B2, Portable Ambient Air Artalyzer. 
®Regis tered Trademark 
© 1 985 by The Foxboro Co m p a n y  
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The rechargeable nickel-cadmium battery pack supplies power for four hours of 
continues operation. Spare battery packs can extend operation in four-hour 
increments. Additional ly, the analyzer I S  programmed to shut down 
automatical ly under low battery conditions and will display a low battery 
message on its l iquid crystal display (LCD). 
Interactive operation simplifies the use of the microprocessor controlled M IRAN 
IB2.  Keyboard entries are easy to fol low and can be summarized under the 
following heading: Analyze, Calibrate, Scan, List, Diagnostic, and Standby. The 
analyzer provide three different audible alarm signals. The first signal, a signal 
"beep", warn of an operator error. The second, a continuous "beeping" sequence 
of increasing frequency, warns of an approaching programmed gas concentration 
l imit .The third ,  continuous "beeping" sequence of constant frequency warns 
that the programmed gas concentration l imit has been exceeded. (5 1 )  
3 . 1 . 1  Principle of Operation 
Infrared energy, emitted from a wire source, is  directed to the fi l ter wheel that 
allows energy at the selected wavelength to be collected by a l ight pipe assembly 
and to pass through into the gas cell .  The sample is drawn into the cel l by the 
integral air pump at a rate of 25 l iters per minute (L/min) .  The sample absorbs 
infrared energy from the beam, and the transmitted energy is measured by the 
detector, amplified and converted to concentration units by the electronics, and 
transmitted to the liquid crystal display. The amount of infrared radiation 
absorbed by a sample is directly related to the concentration of the sample. (5 1 )  
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3 . 1 .2 Typical Appl ication 
The M I RAN 1 B2 Portable Ambient Air Analyzer can be used in a wide variety 
of application to detect and measure the concentration of toxic gases . For 
example, the appl ication of M IRAN 1 B2 in industrial hygiene monitoring, this  is 
often done as a part Occupational Health and Safety Administration (OSHA) 
compliance testing. (5 1 ) 
3 . l . 3 Performance Specifications 
To ensure that the MIRAN 1 B2 meets its publ ished specifications, i t  must be 
re-zeroed each time a measurement is made in order to compensate for any 
changes in temperature or humidity. Measurement cycle t ime is one minute per 
sample. (5 1 ) 




Rechargeable nickel-cadmium with 5 .0  v and 7 .5  v 
capacity, discharge time of 4 hours and recharge time 
of 1 4  to 1 6  hours .  
(Battery charger) is  70 w maximum 
o to 1 00 ppm for NH3 and CH4 and 0 to 250 ppm for 
S02 
Pump flow rate : 25 to 30 L/min .  with no blockage in sampling hose . 
Sampling hose: 0.9 m (3 ft) of 1 6  mm (0.6 in) I D. 
Programmed Function : Analyze, Calibrate, Scan, List, Diagnostic, and 
Standby 
Alarm : Operator Error, Approaching Concentration Limit, 
and Exceeding Concentration Limit. 
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3 . ] .5 Physical Specifications 
Dimen ions: Approximately 706 mm (27 .8  in) length by 229 mm (9 in) 
wide by 279 mm ( 1 1 in) height. 
Ma Approximately 1 3 .6 kg (30 lb) 
3.2 Occupational H ealth Study 
This was carried out on occupational workers and admin istrators within the 
plant. The following examination and tests were undertaken .  
3 .2 . 1 Cl inical Examination 
All workers and Admin istrators were examined cl inically using the Standard 
Medical Research Council Questionnaire on respiratory symptoms, detai ls of 
occupational history and hypersensitivity reactions were added. 
3 .2 .2.  Respiratory Function Tests 
All workers and administration employees were subjected to tests of one-second 
Forced Expiratory Volume (FEV 1 .0) , the Forced Vital Capacity (FVC) and the 
Vital Capacity (VC) using the Vitalograph Respirometer. 
The main function of the lung i s  to supply oxygen for uptake by the pulmonary 
capil laries and to provide the means for removing carbon dioxide d iffusing in  
the opposite direction. The successful achievement of  this gas exchange requires 
three main system functions .  These are: ventilation system, gas transfer and 
blood gas transport. 
Venti latory function is commonly measured by a variety of portable i nstruments, 
the most common of which are the peak flowmeter and the vitalograph. Making 
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use of the recent developments i n  microcomputer analysis, rapid digital and 
graphic read outs of the main indices (FEV l .O), (FVC), and the FEV l .OIFVC 
ratio are easily obtained. ( 1 8) 
The normal ratio FEV l .OIFVC is approximately 0.75 to 0. 80, although this value 
doe ' fall some what with advancing age. (52) 
Vitalograph used in  the present investigation is  manufactured by Vitalograph 
Limi ted (TM) Medical Instrumentation, Bukingham M K  ISW, England 
(Figure 23) .  
3.3 Study Duration 
The study covered three-months period for air quality monitoring, one month 
period for cl inical examination and respiratory function tests, and three months 
period for statistical and data analysis. 
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Figure 23 : The Respirotary Vitalograph Medical Instrument. 
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1. Clinical Examination Study 
The tudy was undertaken over 1 40 persons working in the plant out of a total of 
1 70 employees registered during the year 1 995.  
Thi means that the study was carried out on 82% of the whole employees of the 
plan t. The above number included 1 1 6 workers stationed inside the plant and 24 
employees in the Administration Department. 
Some general information about the studied group had been collected, 
statistically computed and graphically represented in (Figure 24a) and (Figure 
24b) for age, (Figure 25a) and (Figure 25b) for service period, (Figure 26) for 
education level and (Figure 27) for nationali ty. 
Figure 24a and Figure 24b, indicate that 38% of the total number of employees 
(workers and administrators) ranged in  age between 40 and 49 years . 
Figure 25a shows that 1 7% ,  20%, 37% and 26% of the employees subjected to 
the study had served,  respectively, for 0-4, 5 -9, 1 0- 1 4  and 1 5-20 years in  the 
plant. These percentages differ between administrators and workers . 
For instance, the corresponding percentages for the same period of service are, 
respectively, 25 %, 1 7%,  2 1  % and 37% for administrators and 1 6%, 2 1  %, 24% 
and 39% for workers. This means that the higher frequency percentages for the 
total employees (37%), for the administrators (37%) and for the workers (39%) 
are consistent respectively for the 1 0- 1 4, 1 5-20 and 1 0- 14 years (Figure 25b) . 
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Figure 26, reflects the difference in the education level between staff of 
employees . The results of study reveals that education level varies between 
administrators and workers . For example, the percentage of employees holding 
preparatory, econdary school and university degrees is higher amongst the 
administrators, whereas the percentage of workers holding primary school 
certificates is higher. 
Figure 27, shows that the percentage of Arab nationals (60%) is the highest 
among t the plant staff fol lowed by Asian workers (33%) then the UAE 
nationals (6%).  
On the other hand (Figure 28) indicates that the percentage of employees who 
were suffering already from allergy d iseases before joining the plant service 
represents only 5 %  of the total numbers, but this percentage had increased 
highly after joining the service in the plant to reach 1 6% of the total number of 
plant employees (Figure 29). 
14% 1 %  1 4% 
33% 
. UNDER 20 Y 
20 - 29 Y 
[] 30 39 Y 
. 40 - 49 Y 
ABOVE 50 Y 
Figure 24 a: Statistical Graph for the Age Groups of the Employees in 
Abu Dhabi Compost Plant. 
ADMINISTRATORS 
1 3% 0% 21 % 
25% 
WORKERS 
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34% 
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Figure 24b : Statistical Graph for the Differences in Age Groups Between 
Administrator and Worker Employees in Abu Dhabi Compost Plant. 
26% 
1 7% 
. 0 - 4 Y 
0 5  - 9 Y  
1 0  1 4  Y 
. 1 5  - 20 Y 
Figure 25a : Statistical Graph for the Service Periods of Employee III 
Abu Dhabi Compost Plant. 
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39% 
21% 1 7% 
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FIgure 25b : Statistical Graphs for the Differences in Service Periods Between 
Administrator and Worker Employees in Abu Dhabi Compost Plant. 
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Figure 26 : The Differences in Education Levels Between Administrator and 
Worker Employees in Abu Dhabi Compost Plant 
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Figure 27 : Statistical Graph for the Different Nationalities in 
Abu Dhabi Compost Plant. 
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Figure 28 : Statistical Graph for the Sick Employees Before Joining 





Figure 29 : Statistical Graph for the Sick Employees After Joining 
the Abu Dhabi Compost Plant. 
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Furthermore, the study reveals that 1 4% of the total staff number were exposed 
to accidents and suffered injuries due to their work in the plant (Figure 30) . 
The e findings concerning the employees suffeling from allergy and exposed to 
accident can be shown clearly by number from the fol lowing table. 
Table X : Numbers of Employees (Administrators and Workers) Suffering from 
Sickness and Exposed to Accidents in the Plant. 
S ick Employees After Joining the Plant 
S ick Employees Before Joining the Plant 
Employees Exposed to Accident the Plant 
No. of Employees 




1 6  
5 




Table X, further indicates that the percentage of sick persons and who are 
suffering from injuries is  more vivid and higher between workers, due to the 
nature of their work being exposed in injuries and diseases. 
Figure 3 1 a, shows the frequency percentage of the plant staff employees 
affected by the scents and gases all  around the plant. I t  can be seen from the 
figure that 82% of the total staff employees have bothered and affected by such 
scents and gases . It should be noted that this percentage is  equal for both 
admini strators and workers (Figure 3 1  b) .  
The study reveals also that 1 6% of the total number of plant staff employees 
suffer from al lergy diseases in their eyes, skin and respiratory system due to the 






Figure : 30 Statistical Graph for the Employees Exposed to Accidents in 
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Figure 3 1  a :  Statistical Graph for the Employees Exposed to Odors 
and Gases in Abu Dhabi Compost Plant. 
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Figure 3 I b : S tatistical Graph for the Differences in Exposure to Odors and 






Figure 32 : S tatistical Graph for the Employees Suffering from Allergy in 
Abu Dhabi Compost Plant. 
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Thi is mainly because most of the workers stationed inside this plant do not 
follow or apply the industrial safety procedures and professional medical 
precaution , such as wearing masks, gloves, helmets . . .  etc . 
2. Respiratory Function Test Study 
Thi tudy was undertaken over 89 exposed employees, including two groups : 
75 working inside the plant and 1 4  working in  the administration department. 
The fir t group of employees (workers) works 8 hours a day and 7 days per 
week whereas the second group (administrators) works 6 hours a day and 6 
days per week. 
The two groups have an age ranging on the average between 40 and 49 years 
and have a service periods at the plant ranging on the average between 1 0  and 
1 4  years for workers and between 1 5  and 20 years for the administrators . 
Respiratory function test was carried out at the end of the working time of both 
workers and administrators . The results of the study are shown in Table X I  and 
graphically represented in (Figure 33a) and (Figure 33b).  
Table X I : The Results of the Respiratory Function Test, Study. 
Respiratory Function Test Workers 
Normal 38  
Abnormal 37 
Administrators Total 
1 1  49 
3 40 
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Through the analysi of the te t results it, can be shown that 40 employees 
representing 45% of the total number of employees (89), have an abnormal 
re piratory function, concerning the respiratory system. 
The tudy reveals also that 37 persons representing 49% of the total number of 
the worker (75) ,  have an abnormal respiratory function in the respiratory 
ystem. 
The comparable percentage for the tested administrators group is  2 1  %.  
However, the most striking feature charactarising the available results i s  
concerned with the smoking habit of  the tested employees . 
The study shows that the smoking habit is  not responsible for the abnormal 
re piratory function found in both workers and administrators . 
For example, the 40 employees who have abnormal respiratory function could 
be classified as 25 nonsmokers and 1 5  smokers (Table XII) .  This  reflects the 
great role of the gas pollutant emitted inside the plant as a cause for these 
abnormalities. 
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Figure 33a : The Result  of the Pulmonary Function Tests Carried out for the 
Employees in Abu Dhabi Compost Plant. 
ADMINISTRATORS WORKERS 
21% 5 1 %  
79% 49% 
Figure 33b : The Difference Result of the Pulmonary Function Tests Carried out 
for Administrators and Workers in Abu Dhabi Compost Plant 
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The present investigation includes measurement of sulphur dioxide, ammoma 
and methane inside and outside the Abu Dhabi Compost Plant. These are the 
major ga es emi tted through the different manufacturing processes of the 
compost material .  
The Pre ent study has taken into consideration the relationship between the 
indoor and outdoor environments at the study area for the following two 
rea ons : (53) 
1. The indoor atmosphere is  an extension of the outdoor atmosphere, 
therefore, indoor air quality will  respond to changes in outdoor air 
quality, and vice versa; and 
2. S ince the protection of human health from exposure to non-occupational 
air pollutants sti l l  depends on outdoor air quality standards, it is 
important to know the relationship between the two environments . 
1 .  Sulphur Dioxide Study 
1 . 1  The Gas 
Sulphur dioxide is  a colourless gas, with a pungent acid odor associated with 
burning sulphur, leaving a characteristic taste in  the mouth . The gas is poisonous 
and has been used for fumigation purposes . I t  i s  denser than air. (54) 
Sulphur dioxide reacts on the surface of a variety of airborne solid particles. I t  is 
readily soluble in water and can be oxidized within airborne water droplets . (55) 
Sulphur dioxide results from the combustion of sulphur - containing fossil fuels, 
the smelting of sulphur - containing ores, and other industrial processes. 
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Domestic fi res can also produce emissions containing sulphur dioxide. While 
there are some natural sources of sulphur dioxide, such as volcanoes , man-made 
contributions from the combustion of fossil fuels are of prime concern in 
relation to human exposures. Over the past 1 0  - 20 years there has been a 
tendency towards declining emissions in much of the Region, due to changes in 
the types or amounts of fuel used. More importantly, however, the types of 
ource have changed even more, away from small multiple sources (domestic, 
commercial or industrial) towards large single sources such as power stations, 
which di perse pollutants at higher atti tudes . The net result showed a marked 
reduction in concentrations of sulphur dioxide in many large cities that were at 
one time h ighly polluted. A more widespread distribution, by long-distance 
transport within the region, is now the dominant pattern . (55) 
In  recent years, concern has centred on the widespread dissemi nation and 
detrimental environmental impact of sulphur dioxide. I ncreasing industrial 
activity, and the continued reliance on fossil fuels as energy sources , has caused 
a gradual , but steady, growth in the proportion of sulphur oxides in the 
atmosphere over the past two to three decades . This gas, besides ni trogen oxides 
in combination with atmospheric water, are the main ingredients of acid rain,  
considered by many to be the major environmental problem facing the northern 
hemisphere at the present time. Acid rain,  or acid precipitation as it is more 
accurately termed, has already damaged aquatic and terrestrial ecosystems in 
North America and Europe, perhaps i rreparably, yet response to the issue has for 
the most part been half-hearted. Economic and political considerations have 
tended to override environmental concerns .  The southern hemisphere has so far 
been spared the depredations of acid rain,  but as a product of industrial 
development and constituents of the atmosphere, i t  has the potential to spread, 
and these unaffected areas may not always be immune. (56) 
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1 .2 The Results 
The re ult of sulphur dioxide hourly measurements in and out of the Abu Dhabi 
Compo t Plant during the period of Jan. through March, 1 996 are shown in 
(Table X I I I ) for the indoor study and (Table XIV ) for the outdoor study. 
The minimum, maximum and mean concentrations of sulphur dioxide at each 
unit of the plant are shown in each table, and the mean concentration for each of 
the hourly measurements (at 7 :00, 9 :00, 1 1 :00, 1 3 :00, 1 5 :00, 1 7 :00, 1 9 :00 and 
2 1  :00) is shown at the bottom of each table. 
The hourly mean concentration of sulphur dioxide at the different units of the 
plant is graphical ly represented in (Figure 34) for the indoor study and (Figure 
35) for the outdoor study. Besides, the indoor and outdoor daily mean 
concentrations of sulphur dioxide are separately shown in (Figure 36) and 
(Figure 37),  respectively. 
The air quality threshold l imit values of sulphur dioxide are shown in (Table 
XV) for workplace and (Table XVI) for ambient air. 
The most striking features charactarising the available data can be i l lustrated in 
the following : 
( 1 )  The indoor daily mean concentration of sulphur dioxide at the different 
uni ts of the Abu Dhabi Compost Plant, (Table X III)  and (Figure 34) 
shows an increasing levels at the drum, fermentation and separation 
units, respectively. 1 9.78ppm, 5 .57ppm, 7 . 1 2ppm levels are respectively, 
3 .95 ,  1 . 1 1  and 1 .42 times the threshold l imit value (5 ppm, at USA). 
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It should be noted that this standard is comparable with 8 hours indoor 
measurements of the present study. 
The other three units : administration, receiving hall and packing have, 
respectively, 0 .73 ppm, 2 .85 ppm and 1 . 87 ppm, sulphur dioxide levels. 
These are 0. 1 4, 0.57 and 0.37 times the threshold limit value. i .e. below 
this level . 
However, the daily mean average for the whole plant is 6 .32 ppm, i .e .  
1 .26 times the previous threshold l imit value. 
(2) The available results, (Table XI I I )  and (Figure 36) further show that the 
maximum daily mean concentration of sulphur dioxide ( 1 9 .78 ppm) is 
found at the Drum unit .  This resul t  may be attributed to the early 
fermentation process of solid wastes, which takes place at the drum unit .  
This process results in an increase of temperature at the drum unit to 
range between 60 and 70°C. The detailed description of this process is 
given in p .7 l .  
(3)  The other two units which have an increasing levels of  sulphur dioxide, 
i .e. fermentation and separation units (5 .57 ppm and 7 . 1 2  ppm, 
respectively), are characterised by some manufacturing processes which 
can be considered responsible for these levels .  For example, at the 
fermentation unit, the compost material is turned over for many times for 
ventilation and harmonized intervention to keep the humi dity rate 
between 47 and 55%.  Therefore, an amount of gas emitted in  the 
atmosphere. 
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At the eparation unit, the compost material is screened to different sizes 
accord ing to the requirements needed for using this material . However, 
the actual reason for this high level is that the compost material which is 
screened is  usually stored for two months.  
(4) On the other hand, the available result shows that the minimum daily 
mean concentration of sulphur dioxide (N.D) is found at the 
administration unit. This result would be expected, since this unit is 
closed and relatively far from the manufacturing processes of the 
compost in the plant under investigation. 
(5) The daily mean concentration of sulphur dioxide at the four outdoor 
sampling sites (Table X IV) and (Figure 37) are 0.68 ppm, 0 .62 ppm, 0.76 
ppm and 0.56 ppm at the south, west, north and east of the plant, 
respectively. Taking into consideration that the available standard level 
for the 24 hour mean measurements (0. 1 4  ppm at USA), these levels can 
be said to be, respectively, 4 .85 ,  4.42,5 .42 and 4 .00 times the outdoor 
standard level, with a total daily mean of 0.65 ppm for the four salnpling 
s i tes, i .e .  4 .64 times the outdoor standard level .  
(6) A good relationship exists between the indoor and outdoor mean hourly 
concentrations of S02 ' This can be shown from the l iner relationship 
between the levels of S02 at the two environments (Figure 38)  and 
further confirmed by the indoor/outdoor mean ratio which amounts to 
0 .5 .  
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In reviewing what is known about the indoor/outdoor relationship for 
S02, one finds that there is considerable variability in the data. However, 
it i evident, (57) through sumrnanzmg the existing data on 
indoor/outdoor ratios for S02 in various countries from the mid- 1 950s 
that they range between 0.2 and 1 .0. 
(7) There is  no actual variation between the levels of sulphur dioxide at the 
four sampling sites. This  means that the meteorological parameters 
particularly the wind speed and direction have no effective role in 
di luting the sulphur dioxide emission from the Abu Dhabi Compost 
Plant, although it may appear that strong winds are characteris ing the 
area. This  can be shown from the wind rose representing the monthly 
mean variation of hourly speed and frequency of winds blowing from 8 
directions in  Abu Dhabi city during the period of study (Jan . -March, 
1 996) (Figure 39) .  
(8)  From the foregoing results i t  can be concluded that both plant under 
investigation and urban mass surrounding it  are facing an actual problem 
concerning the sulphur dioxide pollution . 
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1 .3 Health Effects 
Inhalation experiments with sulphur dioxide have demonstrated a wide range in 
en itivity to this gas. Asthmatic sufferers tend to be particularly sensi tive, but 
hyper-sensitivity occurs also in a less predictable manner among other 
individuals. (63 ) 
Possibly the most famous health-effects study that has been reported is one that 
followed the great London smog of December 1 952, in which 4000 premature 
deaths were associated with extraordinary high sulphur-dioxide and smoke 
concentrations occurring over a period of four days. 
Since then, there has been a number of other studies relating exposure to peak 
concentrations of sulfur dioxide to the incidence of bronchitis, but other than 
these, l i ttle has been reported on the adverse health effects caused by this 
pollutant, especially during the post-coal-smoke era, s ince the end of the 1 960's. 
Most studies nowadays concentrate on possible long-term effects of low level of 
pollutants. One aspect is, whether people who were exposed to high air-pollutant 
concentrations during their early childhood carry residual effects into their later 
years . Studies of cohorts of children born in  the 1 950's have indicated a small 
adverse effect on lung function and on the prevalence of respiratory symptoms 
related to chi ldhood exposure .  
The long-term effects of exposure, seem to be very readily swamped by the 
effects of smoking, if and when that habit is taken up, so most of the 
investigations really need to be confined to l ife-long non-smokers, and even then 
'passive' exposure to environmental tobacco smoke indoors may prove more 
important than that due to true urban air pollutants . (63 ) 
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Table X I I I : Hourly Indoor Measurements of Sulphur Dioxide at Different Units 
in Abu Dhabi Compost Plant (Jan . - March, 1 996) 
Location Concentration (ppm) Daily 
7:00 9:00 1 1 :00 1 3 :00 1 5:00 1 7:00 1 9:00 21 :00 Min.  Max. Mean 
Administration 0.3 0 . 5  N . D. 0.2 4.2 0.6 N . D. 0 .05 N . D . 4 .2 0.73 
Receiving Hal l  1 . 5 3 . 3  5 4 . 5  4 . 5  1 . 3 1 . 5 1 . 2 1 . 2 5 2 . 85 
Drum 8.2 1 .6 37 30 37.5 22. 5  2 1 .2 2 1  1 . 6 37.5 1 9. 78 
Fermentation 4 . 5  6 . 2  6. 1 7 . 3  1 0  5 2 .5  3 3 1 0  5 . 57 
Separation 4 3 3 . 5  4 . 2  9 7 . 3  2 3  3 3 23 7 . 1 2  
Packing 1 0 .5  0. 7 1 . 7 5 1 . 4 4 0 . 7  0 .5  5 1 . 87 
Mean 3.25 2.51  8 . 7 1  4 . 53 1 1 . 7 6 . 35 8 . 7  4 .82 2 .51  1 1 . 7 6 .32 
N . D. : Not Detected 
Table XIV : Hourly Outdoor I\1easurements of Sulphur Dioxide at the Four 
Sampling S ites Around the Abu Dhabi Compost Plant (Jan. - March, 1 996) . 
Location Concentration (ppm) Dai ly 
7:00 9 :00 1 1 :00 1 3 :00 1 5 :00 1 7:00 1 9:00 2 1 : 00 Min.  Max. Mean 
0.5 km South 0. 1 0 .3  0 .8  1 . 3 1 . 8 0 .5  0. 1 4  0. 1 0. 1 1 . 8 0.68 
0.5 km West 0 . 2  0 .3  0. 3 1 . 3 1 . 6 0.6 0 . 5  0 . 2  0.2 1 . 6 0.62 
0.5 km North 0. 9 0.2 0 .3  1 . 5 1 . 6 0 .5  0 .8  0 .3  0.2 1 . 6 0 . 76 
0.5 km East 0.3 0 .2 0 . 7  1 . 3 1 0.6 0 .3  0. 1 0. 1 1 . 3 0 .56 
Mean 0. 37 0.25 0.52 1 . 35 1 . 5 0. 55 0.42 0. 1 7  0. 1 7  1 . 5 0.65 







USA (6 1 )  
M ethane 
Standards 
5 ppm, 8 hours mean 
5 ppm, 8 hours mean 
50 ppm, 8 hours mean 
46. 8  ppm, 8 hours mean 
Table XVI : Ambient Air Quality Threshold Limit values . 
Country IOrganization 
Sulphur D ioxide 
USA (60) 
Canada (6 1 )  
France (6 1 )  
Standards 
0. 1 4  ppm, 24 hours mean 
0.5 ppm, 3 hours mean 
0. 1 1  ppm, 24 hours mean 
0.34 ppm, 60 min mean 
0. 1 4  ppm, 24 hours mean 
1 1 3 
Ammonia 
Bu lgaria, Hungary, USSR (former) Yugoslavia (former)(6 1 )  
0.28 ppm, 24 hours mean 
0.28 ppm, 30 min .  mean 
Czechoslovakia (former), East Germany (former) , Romania(6 1 )  
Hungary(6 1 )  
Methane 
0. 1 4  ppm, 24 hours mean 
0.43 ppm, 30 min.  mean 
0.7 1 ppm, 24 hours mean 
2. 1 4  ppm, 30 min mean 
1 1 4 
* USNAAQS(62) 0.24 ppm, 3 hours (6-9 a .m.)  
Hydrocarbons 
(Corrected for methane) 
* United State of National Ambient Air Quality, S tandard. 
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Figure 34 : Hourly Indoor Concentration of Sulphur Dioxide at Different Units 
in  Abu Dhabi Compost Plant, (Jan. - March 1 996) . 
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Figure 35 : Hourly Outdoor Concentration of Sulphur Dioxide at the Four 
Sampling Sites Around the Abu Dhabi Compost Plant. (Jan . - March, 1 996) . 
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Figure 36 : Daily Mean Concentration of Sulphur Dioxide at Different Units i n  
Abu Dhabi Compost Plant (Jan. - March 1 996) 
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Figure 37 : Daily Mean Concentration of Sulphur Dioxide at the Four Sampling 
Site Around the Abu Dhabi Compost Plant (Jan . - March, 1 996). 
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Figure 38 : Indoor-Outdoor Relationship for Sulphur Dioxide 
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Figure 39 : The Monthly Average Variation of Hourly Speed and Frequency of 
Winds B lowing from 8 Directions in  Abu Dhabi City (Jan.-March, 1 996). 
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2 .  Ammonia Study 
2 . 1 The Gas 
Ammonia (NH3) present as colorless gas or aqueous solution, both have highly 
odor. (20) 
Huge quanti ties of it are formed in nature principally by bacterial breakdown of 
amino acids in organic waste materials. I t  has a sharp odor and can be detected 
by taste. 
Ammonia is one of few basic gases released in any quantity by nature, and i t  
plays an  important role in  the reactions and fate of  many gaseous pollutants(64) . 
Ammonia is present even in unpolluted air as result of natural biochemical and 
chemical processes. Among the various sources of atmospheric aIll1llonia are 
microorganisms, decay of animal wastes, sewage treatment, coke manufacture, 
ammonia manufacture, and leakage from ammonia-based refrigeration systems. 
High concentrations of ammonia gas in  the atmosphere are generally indicative 
of accidental release of the gas .(65) 
Ammonia is  required mainly for fertilizer production, for explosives, general 
chemical production of such compounds as nitric acid and washing soda, 
plastics and nylon, dyestuffs and drugs. (54) Ammonia, which is very water 
soluble, can neutralize the acidity in rain and particulates . I n  intensively 
managed agricultural countries l ike Denmark and Holand this mechanism, or 
alkal ine dust from the field, tends to neutralize the acid deposition. For this 
reason, acidification should be evaluated by S02 and NOx emission alone. 
(7) 
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2 .2  The Re ul ts 
The result s  of ammonia hourly measurements in and out of the Abu Dhabi 
Compost Plant during the period of Jan . through March,  1 996 are shown in 
(Table XVI I )  for the indoor study and (Table XVII I) for the outdoor study. 
The minimum, maximum and mean concentrations of ammonia at each unit of 
the plant are shown in each table, and the mean concentration for each of the 
hourly measurements (7 :00, 9 :00, 1 1 :00, 1 3 .00, 1 5 .00, 1 7 .00, 1 9 .00 and 2 1 .00) is 
shown at the bottom of each table. 
The hourly mean concentration of NH3 at the different units of the plant are 
graphically represented in  (Figure 40) for the indoor study and (Figure 4 1 ) for 
the outdoor study. B esides, the indoor and outdoor daily mean concentrations of 
NH3 are separately shown in (Figure 42) and (Figure 43) ,  respectively. 
The indoor-outdoor relationship of the hourly mean concentrations of ammonia 
is  graphically  plotted and given in (Figure 44) which indicates also the 
indoor/outdoor ratio .  
The a i r  quality threshold l imi t  values of  ammonia are shown in (Table XV) for 
workplace and (Table XVI) for ambient air. 
From the present data, i t  can be easi ly noticed that : 
( 1 )  The daily mean concentration of ammonia measured at the different 
units of the plant under investigation are consistently below the 8 hours 
threshold l imit value set for this pollutant (50 ppm, at USA ) These 
concentration ranges between 0.06 ppm at the administration unit and 
1 2 1  
9.43 ppm at the separation unit, with a total mean concentration of 2.93 
ppm. However, i t  can be noticed that the separation unit is characterised 
by the maximum daily mean concentration of ammonia (9 .43 ppm), 
fol lowed by 4.43 ppm at the drum unit. The source of ammonia gas in  
the compost manufacture processes is mainly the biochemical 
transformation, which begins with a steady decrease in the C : N  ratio in 
the substrate which indicates that a stable compost is  in progress. This is 
also true for cellulose, which is  degraded into simpler forms of carbon 
by indigenous microorganisms. However, there is an increase in nitrogen 
which is mainly i mmobilized in the microbial biomass. There is also an 
increase in l ignin and ash content in the product. This general ly indicates 
a lack of l ignolytic activity in  the composting environment, while the 
increase in ash content may be attributed to another important aspect of 
compo sting which is an overall loss in dry matter in the substrate due to 
the evolution of carbon dioxide, water vapor, and other gases such as 
ammonia. (23) When the energy source, carbon, is less than that 
required for converting available nitrogen into protein, organisms make 
ful l  use of the available carbon and get rid of the excess nitrogen as 
ammonia. This release of ammonia can produce a loss of ni trogen from 
the compost pi le i f  the ammonia escapes to the atmosphere, and it should 
therefore be kept to a minimum. (66) 
(2) The outdoor daily concentrations of ammonia ranges between 0. 1 6  ppm 
to the west of the plant and 0 .33 ppm to the south of the plant, with an 
overall  mean of 0.20 ppm for the whole sampling locations. This 
indicates that the ammonia levels in most of the urban area around the 
plant are below the 24 hours standard levels, which ranges between 0. 1 4  
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ppm at the former Czechoslovakia, the former Eastern Germany, and 
Romania and 0.28 ppm at Bu lgaria, Hungary, the former USSR and the 
former Yugoslavia. (6 I ) The only exceptional case is concerned with the 
tudy location to the south of the plant, which has a daily mean 
concentration of 0 .33 ppm, i .e. 2 .35 times the standard level : 0. 1 4  ppm 
and 1 . 1 7 times the standard level 0.28 ppm. 
This level is  main ly due to the recent extension of the plant under 
investigation which are concentrated to the south of the plant. At these 
extensions, the agricul tural solid waste are transformed into compost 
material .  The manufacturing process carried out at these extension are 
sti l l  under experimental scale. 
(3)  The relationship between indoor and outdoor concentrations of ammonia 
could be obtained through the l inear relationship between the mean 
hourly levels of the gas at the two environments (Figure 44). This  is  
further emphasized by the indoor/outdoor ratio of 0.064. 
2 .3  Health Effects 
Atmospheric ammoma I S  not normally a hazard to health. Occasionally 
industrial spil lages release large amounts of ammonia which immediately react 
with moist l in ing of the throat or the surface of the cornea to form ammonium 
hydroxide which then causes chemical burns. At much lower levels, the 
buffering of these layers is normally sufficient to absorb any ammonia and very 
li ttle penetrates to the lungs. Physiological changes have been detected at much 
lower levels . (58) 
1 23 
Table XVI I : Hourly Indoor Measurements of Ammonia at Different units in 
Abu Dhabi Compost Plant (Jan . - March, 1 996). 
Location Concentration (ppm) Daily 
7:00 9 :00 1 1 :00 1 3 :00 1 5 :00 1 7 :00 1 9 :00 21 :00 Min.  Max. Mean 
Admi nistration 0.3 N . D .  N . D. 0.2 N . D. N . D .  N . D .  N . D . N . D .  0.3 0.06 
Receiving Hal l  0.8 0.3 0.9 0 .7  N . D. N . D .  N . D. 0.2 N . D. 0 .9  0 .36 
Drum 1 . 1  0 .3  1 5  1 . 8 N . D. 2 .3  5 1 0  N . D. 1 5  4.43 
Fermentation 1 . 1  0 .6  7 .6 4. 1 3 2 .5  0. 3 2 .3  0 .3  7.6 2.68 
Separation 9.2 3.5 1 8  2 .3  1 1  1 5  1 5  1 . 5 1 . 5 1 8  9.43 
Packing 1 . 2 0 . 3  N . D. 1 .2 N . D. 1 0.5 1 . 1  N . D. 1 . 2 0.62 
Mean 2.28 0 . 83 6.91  1 . 7 1  2 .33 3.46 3.46 2 .51  0 .83 6 . 9 1  2 .93 
Table XVIII : Hourly outdoor Measurements of Ammonia at the Four Sampling 
S ites Around the Abu Dhabi Compost Plant (J an. - March ,  1 996) 
Location Concentration (ppm) Dai ly 
7:00 9 : 00 1 1 :00 1 3:00 1 5 :00 1 7:00 1 9:00 21 :00 Min.  Max. Mean 
0.5 km South 0.2 N . D. N . D .  N . D .  0.9 1 . 2 N . D .  0 .4 N . D. 1 . 2 0.33 
0.5 km West N . D. N . D .  N . D. N . D .  0 . 3  0.6 0.2 0.2 N . D . 0 .6 0. 1 6  
0.5 km North 0.6 N . D. N . D. N . D .  0.6 N . D. N . D .  0.7 N . D . 0 . 7  0.23 
0.5 km East 0 . 2  N . D .  N . D .  N . D .  0 . 5  N . D. N . D .  0 .2 N . D .  0 .5  0 . 1 1 
Mean 0.25 N . D .  N . D .  N . D .  0.57 0.45 0.05 
0.37 N . D . 0 .57 0 .2 
N . D. : Not Detected 
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Figure 40 : Hourly  Indoor Concentration of Ammonia at Different Units in  
Abu Dhabi Compost Plant (Jan. - March, 1 996) 
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Figure 4 1  : Hourly Outdoor concentration of Ammonia at The Four Sampling 
Si tes Around the Abu Dhabi Compost Plant. (Jan. - March, 1 996) 
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Figure 42 : Daily Mean concentration of Ammonia at Different Units i n  
Abu Dhabi Compost Plant (Jan , - March, 1 996) 
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Figure 43 : Dai ly Mean Concentration of Ammonia at the Four Sampling S i tes 
Around the Abu Dhabi Compost Plant (Jan. - March, 1 996) 
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Figure 44 : Indoor-Outdoor Relationship for Ammonia 
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3 .  Methane Study 
3 . 1 The Gas 
Methane (CH4) is a colourless and odorless gas, it is produced by the action of 
certain anaerobic bacteria on decaying organic matter. Methane was known as 
"marsh gas" for many years before it was characterized by organic chemists. 
Although the production of methane by bacteria fermentation has not been 
widely exploited in commerce, the biochemical reactions associated with 
methane production are becoming better understood. (67) 
Methane concentration increases a l i ttle less than 1 % per year, with an estimated 
l ifetime in  the atmosphere of 8 - 1 0  years. Biogenic and abiogenic sources are 
approximately of the same magnitude, including animal husbandry, rice 
cultivation, biomass burning, fossil fuel use, car emission and waste dumps. 
These anthropogenic activities, coupled with the photochemical reactions in  the 
troposphere, are mainly responsible for the present increase in CH4 content of 
the atmosphere. 
Methane is the second most important green house gas after carbon dioxide and 
permafrost is a major trap for methane created by organisms in wetlands such as 
the peat bogs of the tundra. Release of this gas would accelerate global 
warming. (7) 
1 28 
3 .2  The Results 
The results of methane hourly measurements inside and outside of the Abu 
Dhabi Compost Plant during the period of Jan. through March, 1 996 are shown 
in (Table X I X) for the indoor study and (Table XX) for the outdoor study. 
The minimum, maximum and mean concentrations of methane at each unit of 
the plant are shown in each table, and the mean concentration for each of the 
hourly measurements (7 :00, 9 .00, 1 1 .00 1 3 .00 1 5 .00, 1 7 .00, 1 9 .00 and 2 1 .00) is 
shown at the bottom of each table 
The hourly mean concentration of methane at the different units of the plant are 
graphically represented i n  (Figure 45) for the indoor study and (Figure 46) for 
the outdoor study. Besides, the indoor and outdoor daily mean concentrations of 
methane are separately shown in (Figure 47) and (Figure 48), respectively. 
The ambient air qual i ty threshold l imit values of methane are shown i n  (Table 
XVI)  . 
On the other hand, the i ndoor-outdoor relationship of the hourly mean 
concentrations of methane is graphically represented and given in (Figure 49) . 
The indoor/outdoor mean ratio is indicated in  the same figure. 
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Table XIX : Hourly Indoor Measurements of Methane at Different Units in 
Abu Dhabi Compost Plant (Jan . -March, 1 996) 
Location Concentration (ppm) Daily 
7:00 9 :00 1 1 :00 1 3:00 1 5:00 1 7:00 1 9:00 21 :00 Min.  Max. Mean 
Admi nistration N . D. N . D. N. D.  N . D. N . D. N . D. N . D. N . D. N . D. N . D .  N . D. 
Receiving Hal l  3.5 7 1 3 2. 5 3 1 1 .2 1 7 2 .77 
Dru m  25 33 1 8  1 5  1 3  1 2  1 2  2 .7  2 .7  33 1 6. 33 
Fermentation 6 7 6 6 4.2 3 2 . 5  3 2 .5  7 4 . 7 1  
Separation 5.3 1 1  3 . 3  2 2 .3  3 2 .5  2 2 1 1  3 . 92 
Packing 3 . 3  3 . 5  2 1 . 5 1 . 6 2 1 .6 1 . 5 1 . 5 3 .3 2. 1 2  
Mean 7 . 1 8  1 0.25 5.05 4 .58 3 . 93 3.83 3.26 1 . 73 1 . 73 1 0.25 4 .97 
N . D. : N ot Detected 
Table XX : Hourly  Outdoor Measurements of Methane at the Four Sampling 
Si tes Around the Abu Dhabi Compost Plant (Jan .-March, 1 996). 
Location Concentration (ppm) Daily 
7:00 9 :00 1 1 :00 1 3 :00 1 5 :00 1 7:00 1 9:00 21 :00 Min.  Max. Mean 
0.5 km South 1 . 5 1 . 6 1 . 2 1 . 1  1 1 0.95 0.75 0.75 1 . 6 1 . 1 3  
0.5 km West 1 . 3 1 . 5 1 . 3 1 . 1  1 0.95 0.9 0 . 8  0 .8  1 . 5 1 . 1  
0.5 km North 1 . 3 1 . 5 1 .2 1 . 1  0 . 8  0 . 8  0.75 0.68 0.68 1 . 5 1 . 0 1  
0.5  km East 1 . 5 1 . 5 1 . 2 1 . 1  0 .9  0. 9 0 .9  0 .8  0.8 1 . 5 1 . 1  
Mean 1 . 4 1 . 52 1 .22 1 . 1 0.92 0 .91  0 .87 0 .75 0 .75 1 . 52 1 . 08 
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Figure 46 : Hourly Outdoor Concentration of Methane at the Four Sampling 
Site Around the Abu Dhabi Compost Plant (Jan.-March, 1 996) 
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Figure 47 : Daily Mean Concentration of Methane at Different Units in 
Abu Dhabi Compost Plant (Jan .-March, 1 996) 
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Figure 48 : Daily Mean Concentration of Methane at the Four Sampl ing Sites 
Around the Abu Dhabi Compost Plant (Jan .-March, 1 996) 
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Figure 49 : Indoor-Outdoor Relationship for Methane 
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The National Ambient Air Qual ity Standard (NAAQS) for hydrocarbons (HC) in 
reality is not a direct health-related standard in the same mold as the standards 
for other gases such as S02. The standard for hydrocarbons (corrected for 
methane) is 0.24 ppm averaged over 3 hours between 6 a.m. and 9 a.m. (Table 
XVI) .  The strategy in setting the standard is that if levels are below this early 
morning average, the undesirable manifestations of photochemical smog (such 
as oxidant formation, eye i rritation, and visibi l ity reduction) wi l l  be reduced 
later in the day. Thus, the NAAQS for hydrocarbons has very l i ttle meaning for 
the indoor atmosphere where photolysis of reactive pollutants normally does not 
take place. (68) Therefore, the l ists of workplace safety and health standards are 
devoid of the hydrocarbon pollutants. 
The resul ts of methane levels indoor and outdoor of the Abu Dhabi Compost 
Plant wi l l  be treated from the foregoing understanding as fol lows : 
1 .  Comparing indoor methane concentrations with outdoor aIr quality 
standards is  meaningless. Therefore, the available data of indoor 
methane concentration wil l  be used only for comparison purposes 
between the different monitored departments of the plant. 
2. The gas could not be detected in measurable concentrations at the 
administration unit  during the different 8 hourly observations. This may 
be attributed to the nature of this unit being firmly closed during the 
whole day. 
3 ,  The maximum daily mean concentration of  methane ( 1 6.33  ppm) was 
observed at the drum unit, then dropped to 4.7 1 ppm, 3 .92 ppm, 2.77 
ppm and 2. 1 2  ppm at the fermentation unit, separation unit, receiving 
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hall and packing unit, respectively. This refers to the drum unit as a major point 
. ource of methane inside the plant and with a lesser degree to the fermentation 
and separation units .  I t  should be noted that in a study for the USEPA (United 
State Environmental Protection Agency)(69), indoor levels of methane had 
reached 8 ppm in residences in  U.S.A. 
4. The hourly average level of methane reaches i ts maXImum values 
between 7 .00 and 9 .00 a.m. The reason for this finding is that the drum is 
opened dai ly at 7 .00 hr, whereas it is usually closed during night. 
5 .  The pattern o f  the hourly average concentrations o f  methane shows more 
or less a general tendency of the gas concentration to be reduced after 
9 .00 a.m. This reflects some type of photolysis involving the gas inside 
the plant which is  characterised by being opened to a considerable 
degree. I t  i s  a wel lknown fact that after 9.00 hr. the hydrocarbon 
pollutants react with nitrogen oxide pollutants in the presence of photo 
energy to form ozone. 
6. The dai ly mean outdoor concentration of methane ranges between 1 .0 1  
ppm at the study location to the north of the plant and 1 . 1 5 ppm to the 
south of the plant. The other two locations, i .e. west and east of the plant 
have the same mean level ( 1 . 1  ppm). The above values are about Ca 4 
times that of the NAAQS value for outdoor methane concentration (0.24 
ppm), average for 3 hours, 6-9 a.m. 
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7 .  As would be expected the hourly mean concentrations of  the gas show 
maxium production of methone between 7.00 and 9.00 hr. a .m. at the 
four sampling sites 9.00 hr. These levels begin to gradually decrease 
before noon (at 1 1 .00 hr) and reach their minimum levels at 2 1 .00 hr. 
This pattern is concordant with the abi lity of hydrocarbons to react with 
ni trogen oxides in  the atmosphere to form the ozone (03) through a 
eries of photochemical reactions. 
8 .  The hourly mean concentrations of methane, particularly during the 
morning hours (7 .00 and 9 .00) far exceed the NAAQS, sometimes reach 
more than 6 times the standard. 
9 .  The negative relationship between indoor and outdoor concentrations of 
methane (figure 49) needs to be further investigation in  the future. Such 
investigation should be associated with the formation of the photoxidants 





1 .  General Conclusions 
The general conclusions drawn from the present study can be summarized in the 
following : 
1 .  38% of the total number of employees (workers and administrators) range 
in age between 40 and 49 years . 
2. 37% of the total number of employees are working in the plant for 1 0  to 1 4  
years . 
3 .  5 %  of the total number of employees were suffering already from allergy 
diseases before joining the plant service. 
4. The above percentage has increased to 1 6% due to joining the plant. 
5 .  1 4% o f  the total number o f  employees were exposed to accidents and have 
suffered from i njuries. 
6. 1 6% of the total number of employees are suffering from al lergy d iseases in  
their eyes, skin and respiratory system. 
7. 45 % of the total number of employees have abnormal respiration 
difficulties .  
8 .  49% of the total number of workers have an abnormal respiration 
difficulties. 
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9. 21 % of the total number of administrators have an abnormal respiration 
d ifficu lties. 
1 0. The smoking habit IS  not responsible for the abnormal respiration 
difficu lties. 
1 1. The concentration levels of sulphur dioxide at the drum, fermentation and 
separation units at the Abu Dhabi Compost Plant are respectively 3 .95,  1 . 1 1  
and 1 .42 times the threshold limit value (5 ppm) . 
1 2 . The concentration levels of sulphur dioxide at the other three units : 
admi nistration, receiving hall and packing units are respectively 0. 1 4, 0.57 
and 0 .37 times the threshold l imit value (5 ppm) . 
1 3 . The maximum dai ly mean concentration of sulphur dioxide is found at the 
Drum unit .  
1 4. The minimum daily mean concentration of sulphur dioxide is found at the 
admin istration unit .  
1 5 . The levels of sulphur dioxide at the outdoor sampling sites are 
respectively, 4 .85 ,  4 .42, 5 .42 and 4.00 times the threshold l imit value (0. 1 4  
ppm). 
1 6 . The concentration levels of ammonia at the different units of the plant 
under investigation are consistently below the threshold l imit value (50 
ppm) . 
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1 7 . The maXImum daily mean concentration of ammoma IS  found at the 
separating unit, whereas the minimum concentration is found at the 
ad mini tration unit .  
1 8 . The concentration levels of ammonia at three of the outdoor sampl ing 
sites at the urban area around the plant are below the threshold l imit value. 
1 9 . The concentration of ammonia at the fourth sampling site (south of the 
plant) is 2 . 1 t imes the standard level (0. 1 4  ppm) . This high concentration of 
ammonia could be attributed to the recent extensions of the plant which is 
concerned with the transformation of agricultural solid waste to compost. 
These are sti l l  under experimental work. 
20. The drum unit is the major source of methane inside the plant. 
2 1 .  The hourly average level of methane reaches i t  is maxium values between 
7 .00 and 9 .00 a .m. at all units .  
22 .  The hourly mean concentration of methane, particularly during morning 
hours (7 .00 and 9 .00) far exceed the NAAQS, sometimes reach more than 6 
times the standard (0.24 ppm) . 
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2. Recommendations 
2. 1 The Problem 
The most important finding reached at in the present study is the responsibi l i ty 
of  the Abu Dhabi Compost Plant as a source of sulphur dioxide and methane 
inside and outside it. Therefore strong actions should be taken by the Authority 
responsible for this plant to manage the indoor and hence the outdoor air quality. 
2.2.  Toxicity and Hazard 
Managing indoor air quality reqUlres a basic understanding of toxicity and 
hazard . A toxic substance becomes hazardous by intensity of the dose, the length 
of exposure or the manner in which i t  is introduced into the body. 
Hazard is actually a measure of risk or the probabi lity that an unwanted event 
wi l l  occur. Hazard is usually measured in severity or magnitude. It is a product 
of toxicity and exposure (or dose) . Exposure is  usual ly defined as acute when it 
i s  intense for short duration, and chronic in the case of low level or a long period 
of time. Control  procedures reduce or eliminate the level of toxici ty, the dose or 
both ; thereby, reducing the hazard, or risk. (70) 
2 .3  Control and Control  Methods 
To accommodate occupant needs, building owners and faci l ity managers must 
recognize the multiple purposes of controll ing the quality of indoor air. First of 
al l ,  federal requirements for specific contaminants must be met. 
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Furthermore satisfying guidelines that do not have the force of law may sti l l  be 
legally prudent as defense against potential lawsuits. The underlying purpose in 




maintains the qual i ty needed for safety and health ; 
satisfies comfort and productivity needs; and 
i as cost-effective as possible. 
Methods for controll ing contaminants fall loosely into four categories ; ( 1 )  
el imination at the source(s), (2) ventilation, (3) design improvement, and (4) 
operations and maintenance procedures. They can be further broken into more 
precise measures to help identify the needed control actions. Many control 
procedures were first developed i n  the industrial workplace. Some industrial and 
safety considerations are mentioned here. (70) 
1 .  El imination - the complete removal of; (a) the biological agent, (b) a toxic 
substance, (c) a hazardous condition and/or, (d) the source. Elimination 
procedures i nclude maintenance actions to remove the breeding grounds for 
bioaerosols. 
2 .  I solation - containment, encapsulation, shielding, sealing, distancing are al l  
means of i solating a contaminant or a source from exposure to humans. 
distancing may be accomplished through location and/or time of use. 
3 .  New construction/renovation design - many design steps can be taken to 
prevent problems from occurring i ncluding ventilation effectiveness, 
thermal comfort, l ighting, the selection of building materials and 
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maj ntenance needs . Fi lter access, for example, i s  an often overlooked but 
critical design consideration. 
4. Housekeeping and dust suppression - actions that keep surfaces clean of 
contaminants, prevent their redispersion, and/or eliminate personal contact 
entirely are important control measures. Some very common place controls 
are windbreaks, care in preventing vacuum cleaner leaks , and efforts to 
contain dusty sources . 
S .  Maintenance and work practices - specifications for the proper work 
procedures to reduce or control contaminant releases. 
6 .  Replacement - insulation, carpeting, wall coverings, etc. ,  which when wet 
can serve as breeding grounds for microorganisms, need to be checked 
regularly and replaced when damaged. 
7 .  Education, training, labeling and warmng procedures - some training, 
label ing and warning procedures are required by law. Whether required or 
not, workers and management must be educated as to the nature of 
hazardous materials and ways to minimize risk in their use. I n  some 
instances, educating building occupants, guests or public may be necessary. 
Owners may need to force some education on professionals, through 
specification or professional qualifications. The owner carries the ultimate 
responsibi l i ty to see that architects and engineers use appropriate designs 
and select safe buildings materials. 
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8 .  Sani tary procedures and personal protective devices - the use o f  hygienic 
pri nciples to reduce or eliminate hazardous materials from a person may be 
critical under certain conditions. Protective devices such as gloves and 
masks are usually used where other control devices are not technically or 
economi cally feasible. 
9. Storage and disposal - laws prescribe the storage and d isposal of some 
contaminants . Care should always be taken to use and store materials as 
indicated on the label .  When in doubt as to proper use, storage or disposal , 
good control practices dictate contacting manufacturers, state and/or federal 
agencies first. 
1 0. Filtering and purification - the use of fil ters and purification devices in  the 
air distribution system with outdoor air and mechanically recirculated air, i s  
an  essential control factor. Filters and purification devices appropriate to 
the need should be used and maintained/replaced on a regularly scheduled 
basis .  
1 1 .  Venti lation - through i ncreased outside air  or exhaust with make-up mr. 
Dilution i s  a preferred control when the contami nant/source is unknown, 
source treatment is too costly, as in  intermediate step during investigation, 
or when the source i s  local ized. Ventilation control is  more than the amount 
of outs ide air brought into a faci l i ty, and i ncludes the quali ty of outside air, 
the effectiveness w ith which it reaches occupants, and the efficiency with 
which it reduces contaminant levels. 
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2.4 Special Control Considerations Suggested for Abu Dhabi Compost Plant. 
1 .  Changing the place of Administration building from it is present site to be 
far enough from the receiving halls and weighing bridge. 
2. Adding a new chimney with a blower pump at the end of the drum unit .  
This should be added, beside the earth filter, to help in  lowering the 
concentration of the emitted gas at this unit .  
3 .  Changing the working system for the workers, s o  that they wil l  have 
different shifts in different places, for example a group works for a week in 
the receiving hall ,  then for another week in the drum unit, and for a third 
week in the fermentation unit, etc. This will  help in reducing the exposure 
risks faced by the workers . 
4 .  Bui lding health cl inic  inside the plant to help mcases of emergency, 
particularly in the of work accidents . 
5 .  Teaching and training the workers on first aids in  cases o f  emergency. 
I nstructing the workers to fol low up the safety and preventive measures and 
to punish them for any default . This wil l  reduce work injuries. 
6. Putting a safety signs inside the plant for workers and visitors instructing 
them where and when they have to use noise plugs, helmets, gloves and 
safety masks. 
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7. Introducing the respiratory function tests as apart in  the annual medical 
checkup for the employees. 
8 .  Compl imenting the environmental studies by action. This wi l l  help In 
reducing extent of pollution in and around the plant. 
9. Changing the location of the transfer station to be far enough from the 
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